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CKAPTEJl J 

THE USES OF SANDS IN BRICK-MAKING 

In the various branches of the briek-making industry, sands play 
a small yet important part, and in many cases they are irreplaceable 
by any other material. For this industry, sand is used chielly in 
the manufacture of (a) clay bricks, (b) liiiu'-sand bricks, (c) artificial 
stone, (d) light-weight bricks, and (e) refi'actory bricks. 


Cr.AY Brioks 

The extent to which sands are used in the manufacture of clay 
bricks varies considerably in different [jarts of the country; they 
serve many useful purposes, the chief of which are ; 

1. Sand assists in preventing undue contraction of the clay. 

2. The salts in the sand are, in some cases, useful, as they de¬ 

compose on burning, and a.ssist in fluxing the clay. More 

often such salts are obj(!ctional)le, as they cause “ scum.” 

3. Sand prevents the bricks from sticking to the mould in which 

they are made. 

4. Sand assists in giving a«pleasing “ face ” to the bricks. 

5. Sand prevents tlie bricks from sticking together during drying 

and burning. 

6. Sand modifies *he hardne.ss and texture of the bricks. 

7. Sand is used ?.s a conftitiumt of gla/.es for bricks. 

• -t 

Th(! use ol sand In preventing the undue coifitractlon of the clay 

is one of the most’important puq»osea for which it is employed. 
In many places, particularly in the south of England, 4hc materials 
worked for brick-making consist of deposits of highly plastic elay, 
which in its natural state can only be used with great difftculty, as 
the bricks crack badly during the drying and burning, so that some 
non-plastio material must Ire added to lessen the shrinkage. The 
cracking is due to the colloidal material in the clay not being dis¬ 
tributed over a sufficiently largo surface, and this serious defect 
may, therefore, be prevented by the addition of a non-colloidal 
solid material to the clay*. Almost any non-j^stic material which 
will igithstani the heatdo which the briJks ar^exnosed’in hnminr. 

von. II 
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ind wtiich docs iw/t^fEect the bricks in any way, may be made' to 
the shrinlAge, and brick-dust or “ grog ” is somcRmos used 
for this purjiose. *Sand is usually the cheapest, and as it is generally 
quite iHtisTactory, it is largely employed. When a natural mixture 
of ^nd» and ,cllly in suitable proportions can be obtained, it is 
preferable to an artificial imxture of sand and clay. Thus, itf Suffolk, 
white bricks have been'made siitec the days of Queen Elizabeth 
from glacial deposits which arc eithe^ chalky boulder clays or 
glacial brick earths, which have probably resulted from the washing 
of the glacial clays. Such deposits are often true loams (1. Iz5) 
and contain as much as 30 per cent of sand, so that they may bo 
used just as they arc with ]X!rfcctly satisfactory results. Loams in 
other districts produce red, yellow, and buff bricks respectively. 
Such loams are largely u.sed for brick-making ; their value is dejxsnd- 
ent on the fact that they contain a largo proportion of sand which 
neutralises the excessive shrinkage of the plastic clay of which they 
are also composed. Some loams, however, contain an excessive 
proportion of sand and are loose and incoherent, so that they do 
not make satisfactory bricks withotit the addition of some other 
material, .such as chalk, to bond the particles more securely together. 

When suitable natural tnixturcs of sand and clay are not avail¬ 
able, a proportion of sand (the amount being a.scertained by trial) 
is mixed with the clay before it is made into bricks. Such a 
mixture produces sound bricks of good quality and accurate shape. 

As the sand is much coarser in texture than the clay and consists 
of much larger particles, the bricks arc more porous than if the clay 
were used alone, just as sand added to a clayey .soil produces a 
lighter soil (see (’hapter VIII.), which is more permeable to air, gases, 
and water. In nio.st cases this increased porosity is useful rather 
than harmful, but it could generally be avoided by finishing the 
burning at a higher temperature and thereby producing suliicient 
fused material to fill the pores. Care^is needed to prevent the bricks 
from warping as a result of overheating. 

Chemical Composition of Sand--The coftiposition of sands used 
in brick-making must be carefully considered, or serious difficulties 
may occur. The .sand should be .sufflcscntly pj^rc, so as not to fuse 
during the burning of the bricks ; as a coipparatively low tempera¬ 
ture is used in burning most building bneks, this requirement is 
not serious. Where the bricks are burned at a* very high tempera¬ 
ture, the presence of metallic oxides, alkalies, etc., in the sand is 
undesirable ; this applies more particularly to the use of sands in 
making lefractory bricks (Chapter VII.). 

From a chcpjical point of view the general composition of the 
sand is less important than the presence or absence of soluble salts. 
For red bricks, it is important that sauds containing an appreciable. 
proportion of soluble salts should not be present, or a white scum 
or “ sweat ” (I. 193) will form and discolour the bricks. Thus, sea 
sands, which are vCTy liable to contain such salts, should not be 
used_ for miking with brioK clay. 



SANDS'FOR CI+AY BRICK'S 

Folspathic and micaceous sands may bejAed where tje leiu- 
pcrature'of burning is not high enough to causft’too much fusipn. 
Felspathic sands are preferable to micaceous oi^s as they a%Tess 
readily fuscifl, the grains being more compact than the thin^akeif of 
mica. Calcareous sands may be used if the lime isdn^an iapalpably 
fine foftn, but if the grains are large tlioy may cause “ blowing” 
. and the destruction of the brick* made with them. 

If a sand contains carbonaceous matter, soluble salts, or other 
undesirable impurities, if may sometimes be purified by washing 
(1. 384), though the co.st is usually prohibitive. Many micaceous 
sands may be cheaply improved by washing, as the light flakes are 
readily separated in a stream of running water. 

The chemical composition of the sand is important in the 
manufacture of the white bricks mafio in Devonshire, Dorsetshire, 
Cambridgeshire, Norfolk, and Essex. Sands used for such bricks 
must be very low in iron, as this constituent would spoil the white 
colour of the bricks if present in sufficiently large quantities, since 
iron comjwunds (chiefly in the form of yellow or brown films or 
coalings of the sand grains) turn red when the bricks are burned. 
Pure sands must, therefore, be used in making white bricks, the 
most suitable being the same as those used for glass-making; as 
these occur in various parts of the counties named, there is usually 
little flifficulty in obtaining a suitable sand. The principal sands 
occurring in the areas makuig white bricks are those of Ashurst- 
W'ood (1. 121), Fairlight (I. 121), and Bulverhythe (I. 122), in 
Sussex; Aylesbury (I. 119), in Buckinghamshire; Aylesford (I. 
119) and Bearsted (T. 119), in Kent; Godstone (I. 119), Oxted 
(I. 119), and Reigate (1.119), in Surrey ; l.<ughton Buzzard (I. 119), 
in Bedfordshire, and King’s Lynn (I. 120), in Norfolk. Many of the 
other sands in these counties arc unsuitable, as the iron compounds 
in them make them turn red when heated. 

Unless the sand is naturally dry, it must be dried artificially. 

The phydeal nature of the sands u.scd for mixing with clay for 
brick-making is also important. The yrain-size should generally bo 
between 30- and 1^-mesh. Where too coarse a sand is used, the 
arrises of the bricks are not sharp, as unduly large grains projeet 
from the brick. A sand composed of medium-sized grains is 
generally the most satiifactory. • 

The shape of tide grains of sand should l)e such as to make them 
’ sharp and angular, in order that the grains may interlock to some 
extent. Rounded grains roll over each other and so do not produce 
such strong bricks. 

In most cases, sands suitable for brick-making occur cither in 
association with, or very near to the clays requiring such additions, 
so that little trouble is experienced in securing a suitable grade of 
sand. 

One of the most notable exceptions (jo this statement occurs over 
a large area of London day, which is quite u^uitable for use alone, 
and, yet forgis so extensive a deposit that offly on it* borders esn 
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‘sand bo found in ^ajisociation with it. Nearer the centre of iSie 
d^o^t no suitablb sand occurs, and consequently any saSd needed 
in fftat area is utiually taken from the bed of the Thames near 
Woolwhih,'though other sands arc also used to some' extent. In 
other anjas, >yh«re no suitable sands Occur in the same geological 
strata as the clays, sands from the overlying or adjacent deposits 
of glacial drift may often' be employed, though care should be taken 
that they do not contain a notable proportion of calcium carbonate, 
which is liable to crack the bricks after they have been taken out 
of the kiln. * 

The proportion of sand to be added to any clay must usually be 
found by trial. It is seldom worth while to add less than 5 parts 
of sand to 100 parks of clay, and in some cases equal jiarts of sand 
and clay have given the best results. It is by no means unusual 
to have 4-8 cwt. of sand in the mixture used to make 1000 bricks. 

Unsuitable sards must not be mixed with the clay u.sed for 
making bricks, especially tho.se mixtures of exceedingly fine sand 
and clay known as silts (I. 150). These silts may sometimes be 
used alone, provided the necessary care and skill are used ; thus, 
the silt of the river Humber has been used for many of the bricks 
in Grimsby. Other silts have also been used for making building 
bricks, but they cannot be recommended for this purpose. 

Sands containing soluble salts arc; very undesirable in brick¬ 
making, as they are liable to cau.se scumming (I. 193), but if the 
bricks can be burned at a sufficiently high temperature, the salts 
may combine with the clay and thus form a slightly and scarcely 
visible glaze on the bricks. Insoluble salts in a sand are often an 
advantage, as they combine with the clay during the firing and act 
as a flux, thus increasing the strength of the bricks as well as helping 
to produce a jfleasing colour. 

Limestone dust, crush&l lime or chalk are not usually suitable 
sub.stitutes for sand, nor should a ci).lcareous sand bo mixed with 
clay to be ust;d for bricks. Chalk is much less harmful than lime¬ 
stone, and if thoroughly mixed with the clay (it is necessary first 
to produce a slurry or suspension of clay iu\ water, as ordinary 
mixing in a pug-mill is not sufficient), it is sometimes used to act as 
a flux and increases the strength of the bripks. Coarse cjialk and 
limestone tend to dfemage the bricks by “ blowing.” 

Artificial sards used to reduce the plasticity and shrinlcage of 
clays include»“ grog ” or ground bricks, crushed rocks of various 
kinds, ashes, and soil.” 

Grog has the advantage of having the same composition and 
properties as the ^shed bricks, and it does not expand and cause 
“ slipping ” or cracks, as occasionally happens when sand or crushed 
rock is used. <• 

Ground rock, if sufficiently siliceous, may usually be substituted 
for sand, though the cost #)f grinding generally makes its employ¬ 
ment prohibitive. ^ 

Ashes arb sometimes srbund to powder and used at a substitute 
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for sand^ They arc inferior inasmuch as thc)''Mp usually ricK in 
soluble salts and so tend to cause “ scumming *' (I. 193), thowh 
this is often unimportant in the case of common fcrieks. 

“ j.Vot7”,* and Breeze (I. 84), or finely sifted cindom are often 
used as a substitute for sand in % manufaSture oF bricks, 
esirecially in the south of England. T^jis material reduces the 
shrinkage of the clay and acts m the same way as siliceous sand, 
and secures the formation of sound, well-shaped bricks ; but as 
they tend to be very porous it is customary to mix sufficient chalk 
with the clay to produce enough fused material to make strong 
and hard bricks. “ Soil ” also serves, as a result of the fuel it 
contains, to assist in burning the bricks made with it. The pro¬ 
portion of “ soil ” used varies in different works, but as much as 
20 tons of fine siftings of ashes arc sometimes mixed with sufficient 
brick (iarth and chalk to make 100,000 bricks. Can; must bo taken 
with this material not to add too much to the clay, or the bricks 
may be overheated, whilst if too little is added the bricks may Iw 
underbumed. The amount of “ soil ” which should bo used in any 
given case must depend on the nature of the clay used and can 
inly be learned by experience. 

“ Soil ” is so unsavoury a material, and, owing to the cost of 
preparing it, is now so much more expensive than coke-dust or 
ithcr better grades of fuel, that its use is gradually diminishing, 
[t has, however, been used for many years and is still employed 
n the manufacture of the bricks known as “ Jxindon Stocks.” 

Use of Sand in moulding Bricks.—Sand is used when moulding 
bricks by hand in order to prevent the clay from adhering to the 
tnould and so to facilitate the ready removal of the brick. The 
sand used in moulding also appears to have a favourable influence 
on the resistance of the bricks to weather, though very few reliable 
data on this subject are available. The brick moulder works at a 
table provided with a deep iron rim at both ends and partly along 
one side to keep the sand in iilacc. Sand is first sprinkled by an 
assistant, known as the clot moulder, on the bench so as to prevent 
the clay from a^lherfng to this, and a rough brick or clot is made 
by shaping a mass of cla/ paste with the hands. The moulder 
sprinklesfc the “ stock bc|ird ” which forms the bottom of the mould 
with sand, quickly dashes the wooden mould box into the pile of 
sand and lays the sanded mould on the stock board. The clot is 
then forcibly thrown into the mould, any surplus cliiy is removed 
by means of a flat pieeo of wood or “ strike ”; the mould is then 
lifted and the brick allowed to slide gently out on to a pallet-board 
upon which it is conveyed to bo dried. The mould is then re-sanded 
and the operation repeated. 

In brick machines whieB are intended to imitate bricks made 
by hand moulding, the moulds are dipped in sand in the same way 

* “ Soil ” must not be confused with the materio^nown by that name in 
agriculture. “Soil ” is an,abbreviation of thk termVnight s^l " and is the 
smollSst partied of the material obtained from earlh-clospts. 
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eact tifne the moulds' are to be replaced in the machine, « sanamg 
talSj^keing placed for this purpose near the brick machine. 

I Tlie,_natural cftlours of the various sands used fpr moulding 
bricks are not of great importance except as a means of identifica¬ 
tion. Tfic colour of the .s*.nd after burning is, however, (J great 
importance, as it alfectSj the appearance of the bricks. Many of 
the sands in Yorkshire and Lancashire cannot be used for moulding 
bricks as they impart an unpleasant coloar to the bricks. Some of 
the Bagshot sands (I. 81) and various sands from Essex are largn’y 
used on account of the pleasing red colour they produce on the bricks. 

The sands used for sand-moulded bricks in the London area are 
largely obtained from the lied of the Thames near Woolwich, but 
other local bods are also employed. 

The reddish and yellowish Triiwsic sands of Nottinghamshire, 
licicestershire, and Warwickshire, and the brown Jurassic sands of 
Warwicksliire are also used satisfactorily in moulding bricks. 

Sea sand is used for moulding some of the hand-made bricks in 
Suffolk and Lincolnsliire. 

The sand used in moulding bricks should be moderately fine ; 
it should not be coarser than .30-mcsh nor much finer than 120- 
mesh. Its grade is specially important, as it exerts a considerable 
influence on the appearance of the finished articles. If too coarse 
a sand is used, the bricks will be rough and have pitted faces, 
whilst a sand which is finer than 120-mcsh will usually contain too 
many rounded grains, which lack the necessary power of adhering 
to the clay. Sand for moulding should, in most cases, be rather 
finer than that used for mixing with the clay. The grains should 
be reasonably sharp and angular, as rounded grains lack " gripping 
power.” 

It is difficult to prescribe any tests whereby the suitability or 
otherwise of a sand for use in moulding bricks can bo ascertained. 
This information is best obtained by allowing a ])ractical brick 
moulder who is regularly using such .sand to ivse it on a few hundred 
bricks, and to express his opinion of the result when the bricks have 
been drawn from the kiln. ' 

Use ol Sand lor lacing Bricks. —Sa!nd-faced bricks are largely 
used, particularly \n the south of Englani#, for exterior work on 
account of their pleasing appearance, especially as regards colour, 
as well as their durability and resistance to weather. They are 
termed sand-faced bricks tecause their faces are coated with a thin 
layer of s^nd, which is applied at an early stage in their manufacture 
and remams adherent to them after they are drawn from the kiln. 

In the case of hand-moulded bricks, the sand is applied during 
the moulding as previously described (p. .5), but in that of wire- 
cut bricks the sand is sprinkled on th6 column of clay as it issues 
from the brick machine. Sometimes the sand is pressed into the 
surface of the clay by a I’olter at the mouthpiece of the machine and 
sometimes fjie bricl^ are :|jepre.ssed so as to fix the sand to their 
surfau^ 
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•The s^nd for this purpose is the same t|fi*that used ip sanU* 
moulding (p. fi), the colour of the sand after burnfifg being s^ieciidly 
important, ^or rod bricks, one of the best saiu^i is that obtained 
from the Bagshot beds (I. 81), but any of the sands mfflititned ^n 
p. 6 mw be used for producing a pleasing red colour. J^jr white 
and bull bricks, a white-burning sand Inch as the Calais sand is ' 
used. It must be sufficiently fin# and anghlar, and fairly free from 
iron oxide so as not to disjolour the bricks. 

, Use of Sand for producing specially shaped Bricks.—When the 
bricks of special shape are required for arches, etc., and also when 
they arc required to 1 k! carved for monumental purposes, it is 
sometimes inconvenient to mould them to the required form, 
especially if the number of bricks of any one shape is quite small. 
An easy method of obtaining such bricks is to make them in the 
ordinary manner, using a loam very rich in sand or an artificial 
mixture of sand and clay, and afterwards cutting or rubbing the 
burned bricks until the desired pattern or shajie is produced. To 
be suitable for this purpose the bricks must be soft enough to be 
readily cut or rubbed to the desired shape, and for obvious reasons 
are tesrmed aiMer bricks and rubber bricks ; they are not so largely 
used now as formerly, as they have largely been replaced by pressed 
bricks of almost any desired shape ; such bricks contain less sand 
and so are much more durable than the soft cutter and rubber 
bricks. There is no essential difference in composition between 
cutter and rubber bricks, and the same sand is used for both. 

The difficulty experienced in obtaining sufficient quantities of 
natural earth suitable for cutter and rubber bricks has, for a long 
time, compelled most manufacturers to make them by adding a 
suitable proportion of sand to a washed brick earth. The addition 
of a large proportion of sand is neces.sary to iffoduce bricks which 
will be of the same texture throughout, and so }deld a uniform 
appearance after they have bpen shaped by rubbing or cutting, and 
to give them an agreeable face. 

The sand for cutter and rubber bricks must be sharp and angular 
and of a moderately tine grain ; it should not be coarser than .30- 
mesh nor finer than 120-JHesh. Afbn’ burning, the colour of the 
sand myst be the same as that of the clay to which it is added. 
As white, red, and bun bricks are made, the 'sand used must be 
selected so that its colour after burning conforms to that of the 
kind of bricks to bo made. Rubber and cutter britjes are usually 
red, and for this purpose a red-buming sand is hsed, such a.s those 
employed for moulding (p. 6). For white or buff bricks, some of 
the sands mentioned under sand-facing above may be used. The 
most suitable sands must usually be found by trial. 

Uses of Sand in drying Bricl«.—In drying, bricks are sometimes 
piled one above another to a height of about 8 bricks or courses, 
and, in order to prevent the adhesion qf (the bricks one to another, 
sand is usually sprinkled upon the top of each course before another 
one, is plac^ upon it*. The sand for»this ^rpose should be the 
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'dame that used* jji moulding the bricks. The sand is seldom 
ne^ed if the bri<<ks are first dried singly on a warm flSor or on 
boShJ^ on a car, ,but only when they are taken direct from the 
mbuldstor '.nachine and piled on one another. Bricl& made of a 
^ very stilj paste wo less liable to adhere than those made of a softer 
paste, and do hot usually inquire to be sprinkled with sand." 

Sand is sotiietimes dftsted on to bricks laid singly on a drying 
floor So that any .soluble salts, which would otherwise discolour the 
bricks, may bo absorbed by the sand, and if this is brushed off 
before bricks arc taken te the kiln they will be clean and free 
from scum. Grog or brick-dust, being more porous than sand, is 
often .superior to it for this purpose. 

Use of Sand for Glazed Bricks. - Band is used in the preparation 
of the glazes for coating bricks for interiors, sanitary work, etc. 
The glaze consists of a mixture of fdspar, pegmatite, whiting, and 
sometimes one or more metallic oxides together with silica or a 
pure sand which is added to increase the whitene.ss of the glaze, 
to provide the silica necessary to produce a clear, glossy glaze or 
glass, and to enable the glaze to fidhere properly to the clay. 

Flint is usually preferred to .sand on account of the greater 
fineness to which it has been reduced by grinding, but a very fine 
and pure sand is sometiTiies equally satisfactory. The most suitable 
sands for glazes arc those u.sed in the manufacture of glass, which 
are fluxed together with various other materials to produce a 
homogeneous glass. This subject is dealt with more fully in 
Chapter XII. 

Preparation of Sand for Brick-making.—The sand used for brick¬ 
making does not usually requii'e any preparation. In .sojne eases it 
may require to be .sifted or screened by one of the devices mentioned 
in Vol. I. Chapter X. in order to free it from coarse matter, but 
unless the sand can be used without any serious amount of treat¬ 
ment it should usually be rejected, as Jhc cost of teatment, in most 
cases, would be inohibitive. 

The two exceptions to this statement are screening and drying 
the sand. , 

Screening is not expensive, and as it can bo used to free the sand 
from excessively coarse material as well as unduly fine ipaterial, 
it should seldom be omitted. '' 

Drying may bo necessary if the sand is damp when it is obtained. 
It is often sujicient if the sand is merely spread out in the open 
air in thin layers tvhich are repeatedly raked over so as to expose 
every particle to the air and especially to the sun’s rays. This 
method can, of course, only be used when the climate is suitable; 
where it is not so, an artificial dryer must bo employed, such as 
one of those described in Vol. I. p. 401 j A hot floor is sometimes 
used, though it is not satisfactory for large outputs as the labour 
involved makes it more qosjly than a mechanically operated dryer. 
Other artificial meth^'ds of drying, such" as those described in 
Vol. I. pp. 401-41.3, Ure satisfactory, but the cost ot instaIla,tion 
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will be prohibitive luilcss the quantity of ^and to be dried iS 
sufficienfly largo. •' ^ p 

Testing,—Very few te.sts can be applied to si.nd.s which nifty be 
used in brieft-making, and yet, if more care were taken, Imifli befter 
results might be obtained. The jirincipnl tests •which sijiould b( 
applietf are : 

1. Oleanness (I. 244). 

2. Chemical compositkm, where this i.s important, and especiallj 

the iron content (1. 237). 

5. Texture, including tlie sharpness or angularity of the grains 
(I. 240). 

1. Appearance and colour after buniing in contact with the clay 
with which the sand is to be used. 

Lime-sand Bricks 

In many localities where clays and brick earths are scarce or 
unsuitable, bricks are made from a mixture of about 8 parts of 
lime, 85 parts of sand or crushed rock, and 7 parts of water, the 
c.ssential feature of tluwe brii^ks being that th(' lime and silica are 
combined during the process of manufacture to form hard, strong, 
and durable bricks, which have most of the advantages of bricks 
made of clay without sonn? of their disadvantages. 

The method of manufacture was first jiatentcd in 1880 by W. 
Miehaelis, who found that when mixtures of lime and silica were 
subjected to the action of steam under pressure, a hard, strong mass 
was produced. By making the sand and litne into the shape of 
bricks before hardening, a very satisfactory building material is 
produced, the bricks improving with age, though they can safely 
be u.scd immediately after they leave the hardening chamber. 

Lime-sand bricks have not become very ])o])ular in this country 
on account of the ready accijssibility of ample supplies of clay, but 
they are very popular in Germany, Sweden, some ])arts of the 
United States, and in other countries where suitable clay is scarce, 
but suitable sand u* abundant. 

The exact composition of the com])ound of lime and silica formed 
is not (definitely knowp ; it was considered, at one time, to be a 
simple calcium silicate, CaH 2 Si 04 , with or wilhbut combined water, 
though now it is known to be much more complex. It is very 
difficult to isolate and examine this compound, but from experi¬ 
ments wliich have been made it appears to kavc the following 
composition : 

Silicia . . . tS’l per cent 

Alumina . . . 13*1 t, 

Lime . . 3f*2 „ 

Water . . . 6-5 

which corresponds closely to the foUowingdorraula or some multiple 
of it— ,, 

60a0.Al2O3-'>SiOJ.3H2? 
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Tho. amount oi tyaier which enters into combination vanes 
greiji^ljj, but the coirfposition of tho best bond appears to appfoximate 
closely to that of Portland cement, though it is usually richer in 
silica th#n the latter. Attempts to prepare a definite compound of 
,lirae andwilica for use as a binder have proved unsatisfacto^, and 
the binding action appears to bo due to a scries of compounffs each 
acting independently, thcIAief of u^iich are colloidal silica, colloidal 
hydrated lime, and one or inon? complex (jaloium silicates which do 
not correspond precisely to any chemical formulae, possibly becau.se 
they are in the colloidal state. In tho cour.se of time, and especialfy 
on heating in the hardening chamber, these colloidal materials con¬ 
tract, harden, and thus tightly bind the particles of sand together. 

The sands used in the manufacture of limo-.sand bricks should 
occur near to where the bricks are made, as otherwise the cost of 
transportation may be excessive. There is a very large variety of 
sands which may be suitable for the manufacture of lime-sand 
bricks, including rock sands, river sands, sea sands, blown sands, 
etc., though some are preferable to others. 

The ideal sand for making lime-sand bricks is one which consists 
of round or angular grains of silica with no loose impurities and 
containing a sufficient amount of very fine material to produce a 
sand with a minimum proportion of voids, tho fine grains filling, 
as nearly as possible, all the interstices between the larger particles. 

Sources of Sands.—Most sands of fair purity arc suitable for the 
manufacture of lime-sand bricks, and they are available in so many 
localities that no list of their occurrences can be given here. As 
yet, few of these sands have been tried, but the Lower Greensand 
beds of Sussex and tho Lower Eocene beds of Surrey, particularly 
at Boddington, have been used satisfactorily for this purj)ose. 

Sands may also be made by crushing siliceous rocks, tho best 
rocks for the purpose l)eing pure quartz, or quartzites, which, when 
crushed, have properties almost idenljcal with those of tho purer 
sands. The coat of cru.shing is usually prohibitive. Quarry wa.ste 
—which might, otherwise, involve a cost for tipping and storage— 
can be used in some cases quite satisfactorily. i 

Crushed rooks for use in the manufacture of lime-sand bricks 
should be specially examined to determine their suitability^ Some 
consist of minute glbbular grains which have little or no felting or 
interlocking power, are deficient in surface area relative to their 
volume, and not react readily with lime. Such grains are prac¬ 
tically useless unless they can be mixed with some other more 
suitable nmterial, in^ which case they form a cheap diluent rather 
than a desirable constituent of lime-sand bricks. 

The chemical composition of the sand is not of very great im¬ 
portance, though the .sand should praferably consist entirely of 
grains of quartz. The presence of other substances as impurities, 
if in large quantity, render^ the sand of small value, as these sub¬ 
stances will not prodi^e a suitable silicate with the lime, and so 
will lessen thte stren^h of the bricks. If, however, Qie grainp of 
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foreign njatorial are coated with silica, or are«present as intilualons 
in the quartz grains, a comparatively largo projfo’rtion of impu^ty 
may be pre|ent without doing any harm. Son^J sands whicH §.rc 
relatively low in silica, provided that the silica completely Aivclops 
the grajps of other material, sometimes pfove to be quite saMsfactory 
for the manufacture of lime-sand bricks. Hence, the chemical 
composition of the sand is of mmSi lc.ss imjfortance than the physical 
conditions and distributipn of the constituents. The difference 
b^ween suitable and unsuitable sands is shown in Figs. 1 and 2. 
In Fig. 2 the impurities are all inside the quartz and are therefore 
harmless, whilst in Fig. 1 they are outside and would, if made into 
bricks, give a weaker product. The suitability or otherwise of a 
sand can be ascertainc^d to some extent by an examination of the 
material with a microscope (I. 241). The presence of very small 



Fkj. 1. —Unsuitable sand. Fkj. 2. —Useful sand. 

grains of impurity in the interstices lietween the larger grains of 
quartz is not harmful, provided that the? particles of impurity are 
extremely small and do not interfere with the uniform coating of 
the quartz grains by lime during the mixing procicss. 

Whilst impure sands can be used for lime-sand bricks, if the 
impurities are covered as dweribed, a pure sand is naturally to l)o 
preferred if it is availabki, especially as impure sands are seldom 
completely coated with silica. It is consequently risky to use 
very impure sands,%nd the material should be very carefully tested 
by an expert before any large amount of capital is expended in 
exploitvig it. ^ 

From the foregoing statements it will be understood that the 
proportion of silica in the sand used—this being the factor upon 
which the purity of the material is usually based—gives but little 
guidance in deciding whether a given sand will be satisfactory in 
the manufacture of lime-sand bricks. In fact, it has been estab¬ 
lished that many sands which have been regarded as useless on 
account of their low silica content have been excellent when made 
into bricks, as their impurtties have, fortunately, been sufficiently 
enveloped by a coating of silica and so rendered innocuous. 

It has been stated ^hat sands containing a large proportion of 
felspar are preferable to those consisting whew of quartz on account 
of a mistaben idea that lime and fel^ar riSct rAoriii.r 
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lime and quartz. 'Aija is, however, incorrect, and no sand^s bettfer 
forAhe purpose thin one consisting of jjure quartz. 

^1* has also bee* suggested that a sand containing soluble silica, 
i.e. silieft which is soluble in a strong solution of caustic soda (I. 204), 
should b* preferred to one qf pure quartz, as the soluble silica might 
be expected to react more readily with the lime. This is not found 
to be the case in practiCe, and if^some of the sand is in a very 
finely ground condition, equally satisfactorj'results can be obtained; 
still, very finely ground quartz reacts readily with lime. Some ycqrs 
ago, the author made a numbiir of te.sts on the use of soluble silica 
for lime-sand bricks and found that when pure sands were treated 
with caustic soda none of the silica was soluble, but when mixed 
to form lime-.sand bricks, 5 per cent of the .silica was attacked and 
Liombined. Thus, the lime is able to deal quite effectively with 
pure quartz and the presence or addition of soluble silica and 
amorphous silica is unnecessary. To secure the most effective 
results, however, it is necessary to emjiloy some of the sand in a 
very finely divided state, as the author has found the sand grains 
between 25- and 36-mesh are not appreciably affected by the lime, 
even when they are exposed to the action of steam, under pressure, 
for three times as long as usual. 

The co,st of grinding the sand to a fine powder would bo pro¬ 
hibitive and unnecessary, but a sufficient proportion of it must be 
very fine, so as to secure the effective combination of the lime and 
the sand. In some ca.ses, the sand contains a sufficient quantity 
of very fine grains of quartz and does not require any special 
treatment; otherwise a portion of the sand may have to be ground 
specially line or some other form of fine silica may have to be added. 
Finely ground flint and kie.selguhr have been used to supply the 
fine silica necessary, but whilst satisfactory from a technical point 
of view, they are generally too costly to be employed. 

The effect of day in the sand is generally harmful, as the clay 
is liable to coat the sand grains and j)revent the interaction between 
the latter and the lime. Con.sequently, the sand should usually bo 
as free as possible from clay. Some manufadiurers have found, 
however, that the presence of 2-3 per cent of clay is an advantage. 
This is probably due to the fact that a ^all quantity ^f clay 
introduces a little alumina into the complex calcium sili(^atc and 
gives a bond which approaches Portland cement in composition 
and is, therefoce, very strong. The presence of 2 per cent of pure 
clay in a sand will'introduce 0-7 per cent of alumina, and this is 
all that is required for 6-6 per cent of lime. 

To a certain extent the fine clay particles act in the same way 
as the smaller particles of silica and aid in the binding together 
of the larger particles, and for this reaiton the presence of a little 
clay in a coarser sand which requires the addition of fine particles 
may not be harmful, but the addition of clay is less satisfactory 
than the addition of /me particles of sand, which have all the 
advantages without tHe drawbacks of clav. 
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The effect of the presence of small quantities of clay is rerjf 
difficult to ascertain, but larger proportions cl ‘ clay are ci)wsiys 
harmful, sinj;e the clay particles, being extrcmeN fine, are attcSiked 
by the lime much more readily than are the coarse!!’ gfains’of 
sihea, so that if there is more clay than l^e lime is able to iwutralise, 
the rcsflltant bricks will bo weak and imperfectly bonded together. 
For this reason, sands containiig clay, if used at all, require the 
presence of a larger projmrtion of lime than clay-free sand. This 
fi^!t has been confirmecl by the experiments eff Michaedis and 
independently by those of Glasenapp. 

It is not generally dcssirablc to evash sands for making lime- 
sand bricks in order to remove the clay, as in domg so some of 
the finest grains of silica will be lost at the .same time, and the 
removal of tlmsc fine grains niay be more harmful to the material 
than the prcwcnce of the small proportion of clay. If the sand is 
so impure that washmg is imperative, it may be necessary to add 
a small proportion of fine silica to the washed sand, in order to 
re.store the neces.sarj’ cpiantity of fine grains to fill up the voids 
betwexm the larger particles. 

Limestone dust and chalk arc objectionable in the sand, as tlmy 
coat the grains with an inert material and prevent the formation 
of a proper bond. 

Organic matter should not be present, as it prevents the inter¬ 
action between the lime and sand. 

8oliibk salts should not be ]jro.Hcnt in the sand, as the bricks 
made from a salty sand are liable to scum badly and so have an 
unpleasant appearance. The action of salt is, howovcw, rather 
uncer’tain, and in some cases salty sands from the seashore have 
been uschI extensively without any difficulty arising, though it 
is generally better to avoid such sands. Dune sands which have 
been well washed by the rain arc quite satisfactory, as most of 
the soluble salts have been npnoved in solution. 

Ferruginous matter in the sand is not of great importance 
imless bricks of special colour are desired. The lime used in 
making the bricks tends to mask the brown or red colour of the 
iron compounds, so that whilst a pure white sand is the best, the 
presence of a small pejeentago of iron compounds is not harmful, 
esfxscially if the grains'of ferruginous matter a*ro coated over with 
silica. This may be determined by examination under a microscope. 

The texture of the sand used for limo-sand bricks is very 
important, even more so, in some rcsjx'cts, than the chemical 
composition. The grains may be either round or angular, but they 
must not be flat or flaky, as are micaceous sands. The relative 
values of rounded and angular grains are a matter of some con¬ 
troversy, though in some*ways rounded grains are preferable; 
they roll so easily together and so render the amount of voids 
as small as possible, whilst angular grains tend to form larger 
interstices, though in some cases thev intolock and reduce the 
siz(^ of the^voids. As a general rul4 howfver, sharply angular 
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grarins-tend to prodvce a weaker brick than one made with sub- 
angu|j[tr or almo^ round grains of sand. Sharp - graitfed sands 
ofjteti require a large proportion of lime on account of the greater 
percenftige*of voids present. Excessively roimded grains, on the 
, other hrad, are undesiraljle, as they are difficult to use and do 
not bind well. If they must bo employed, and the sand is sufficiently 
coarse, it may be necessfiry to grind about 26 per cent of the sand 
so as to produce a sufficient quantity of ^arp material. 

The size of the sand grains, as has already been mentioned, 
is of great importance, as the lime will only react satisfactorily 
with the finest grains. Yet the grains should not all be fine, as 
grains of several different sizes are required to produce the most 
satisfactory bricks. The ideal sand should contain no grains 
which remain on a 20-mesh sieve, but should bo composed of 
grains of such various sizes that the smaller ones fill the interstices 
between the larger ones. When all the grains arc mixiid together, 
the final interstices should be such that after mixing the sand 
with lime each particle of sand is coated with a film of lime and 
no voids are left. To ensure this, it is necessary to use a sand 
consisting of grains of many different sizes. Sands composed of 
grains of only one size—no matter whether they arc large or small 
—do not pack so closely together as those composed of grains 
of various sizes. 

An excessive proportion of large grains is imdesirable, because 
large grains produce large and numerous voids and there will 
not be a sufficient number of points of contact between the various 
grains ; conseqxiently, the bricks will be weak. 

Under ordinary circumstances, at least 12 per cent, but not 
more than 15 per cent, of the sand should ])ass through a 100-mesh 
sieve, and of this about one-third shmdd pass through a 200-mesh 
sieve. This will provide a sufficient proportion of the finest grains ; 
an excessive proportion is undesirablq, as they will tend to produce 
weak bricks, because the fine grains have a much larger surface 
in comparison to their bulk than coarser grains, and so require 
a larger proportion of lime to coat them. Motcover, finely ground 
sands are often badly graded and require a larger proportion of 
lime to fill the voids. They also contain^ a largo voluiqe of air 
which is extremely ‘difficult to disjfiace. 

There is also another difficulty, due to the fact that the finest 
grains and aK the material which passes through a 200-sieve will 
generally contain ‘all the clay and much of the other impurity in 
the sand,* and if this is in a large proportion the sand will have 
to be washed before use. If, however, the proportion of clay 
and other fine-grained impurities is not more than 4-5 per cent, 
little harm will be done, and there i^’then no necessity to wash 
the sand. 

Sands which contain grains of unsuitable size, or in which the 
grains are too unifornpdn size, may be greatly improved by screening 
out the undulv coaffie graftis and by addffig rock oi; sand A^hich 
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has been ground and screened so as to contpjn grains of thowze'k 
in whicK the original sand is deficient. Thus, •wfherc the a^d^tion 
of a quantity of coarser grains is essential, it may Ih) supplied 
either by the addition of a sand containing a sulfichlnt fpianlity 
of coarse grains or a suitable proportyn of crushed rock may bo 
added to the sand. 

Where there is an insufficient propoition of fine grains, silica 
flour must bo added. TJhis is produced by grinding some of the 
sjnd until not more than 20 [ler cent of residue is left on a 200-mesh 
sieve. A ball mill, jiendulum mill, or a tube mill is the most satis¬ 
factory machine for thus purpose (see Vol. I. Ohapter VUl.). 

The effect of the size and grading of the sand used for lime- 
sand brides is shown in the following Tables T. and TI., due to 
Peppel. Bricks were made of two sands of the composition shown 
in Table I. in various proportions, 5 per cent of lime being used 
in each case. 


T.\ulk T.—Okain-sizk.s os Two Sands 



2(M() 

Mi;sh. 

Mfsh. 

(ia-fto 

Mesh. 

HO-JOO 

Mesh. 

100-I2U 

120-150 

Mosh. 

150-200 

Me.sh. 

I'nHsiiiK 

200 

Alosh, 

Cottfso sand . 

50 


7 

7 

2 

1 



b'ino sand 





0-7 

1 

l-2,5 

U7-0.7 


The strengths of the resultant bricks are .shown in Table II. 


Tablk II. —Effuc't of Finknbss of ,Sand 


t'otnposlliou of Mixtiiro. 

t 

CriisliloK Streiifftli, 
Ib. piT S(i. in. 

TooHilf* Strpnjtt-h, 

CirnrHc SfuxL 

Fine Sami. 

lb. por s(|. In. 

8 

lf~ ' 

2 

3114 

131 

• 4 

•* 2 

2955 » 

144 


2 

2481 

224 

% 


It will be seen that the larger the proportion of fine sand the 
weaker are the bricks. Some fine sand is necessary, however, 
to secure effective combination with the lime; if present in much 
more than this proportion Very fine sand is a source of weakness. 

One of the best methods of comparing sands as to their suitability 
for making lime-sand bricks is to find the proportion of different 
sizes of grains and plo’t them in the fornu of a graph, using the 
method en^loyed by Boswell (1. 2?5). A sand which has no 
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grading, i.c. in whicj) all the grains aro of the same size, will be 
repfe^ented by a' Vertical line, whilst the greater the grading, the 
rouilttor and smopther will be the curve. The best materials 
are thoSe wliich produce a smooth round curve. 

The fomparison of materials for lirno-sand bricks may also be 
made by means of the surface factor as described in Vol. I*p. 211, 
and also on p. 38 in flonneotiow with the grading of sands for 
concrete. ^ 

It should be realised that the grading of the sand is of gre^pet 
importance if the best and strongest bricks aro to be obtained, 
so that the sand should bo frequently and carefully tested for 
fineness sis deseribod in Vol. T. p. 246 ; if the grading of the sand 
is not suitable, a sufficient quantity of grains of other sizes must 
be added until a suitable grade is obtained. This testing is equally 
as important in the ordinary course of manufacture as in selecting 
a supply of sand. 

The voids in a sand used for lime-sand bricks should be such 
as to give the strongest possible bricks consistent with sufficient 
porosity to prevent the interior of houses built of the bricks from 
“ sweating ” or “ condeasation ” on the interior walls. The pro¬ 
portion of voids depends largely on the grading of the sand and 
on the selection of grains of sufficiently varied sizes. As climatic 
conditions vary in different localities, no very delinite rule can be 
given as to the best proportion of voids, but, in general, there 
should not be less than 8 per cent nor more than 20 per cent of 
voids except in unusual circumstances. The smallest proportion 
attainable, with a minimum of 8 per cent, is generally found to bo 
most satisfactory. Careful attention to the proportion of voids 
and to the sieve-tests of the sand during the ordinary course of 
manufacture will save much trouble and lo.ss in the manufacture 
of lime-sand bricks. 

The sand should be dry when used, as, if an unknown amount 
of water is present in the sand, it is impossible to know how much 
more should be added. If too little water is present in the mixture 
of lime and sand, the lime will not be properly .slaked, and as a 
result the bricks will be weak and will crack and “ blow ” when 
in u.se. If too much water is present in the mixture (as ^ result 
of using wot sand) the mixture will be too Soft and the bricks will 
not be properly pressed. A skilled pressman can tell by observation 
whether the njixture is too wet, so that the amount of water to be 
added is usually decided by him, and notwithstanding the great 
importance of using dry sand, this material is seldom dried, as the 
cost of doing so is in most cases regarded as prohibitive (but see 
p. 17). 

The lime-sand brick industry has'suffered greatly in many 
localities from the lack of knowledge on the part of those who 
have attempted to make bricks by this process, as the method, 
though simple to a shilled man, is not so simple as some people 
suppose. 
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Preparation ol Sand lor Lime-sand Bricks.T-The object of tiie 
manufacturer of lime-sand Ijricks should be to setVre a sand v^ich 
needs as littje preparation as possible, as anj» such treatnlbut 
increases the cost of manufacture. Most sands rcqhiro* some 
preparation before they can be used, bq^ it should be reduced to 
a minimiJin. 

Washing, if more than about* .3 per ceflt of clay is pre.scnt in 
the sand, is generally desijable, though sometimes even with this 
■ proDortion it is not necessary. Bricks have been made with sand 
containing as much as 20 pew cent of clay, though usually it is 
preferable to wash such a sand. The loss of fine silica grains 
which are carried off with the clay during the washing should be 
replaced by the addition of a suitable proportion of silica flour. 

The washing may be effected by whichever of the methods 
described in Vol. I. p. 384 may be most suitable to local conditions. 
The Freygang apparatus and others of a similar nature are very 
satisfactory for removing small proportions of clay and other fine 
materials, and as they permit a very accurate separation to be 
made, a minimum of valuable material is lost. As washing is 
generally a costly process, it should be avoided as far as possible 
(see p. 12). 

Drying is not usually necessary unless the .sand contains more 
than 8 per ciuit of water. It is generally sufficient to spread the 
•sand out on a .sloping bed of concrete or wood and to exjmse it to 
the air for a few days. Where this is not suffieient, some form of 
artificial dryer must be* used (1. 401), though it will usually be 
found that the cost of its installation is prohibitive. One of the 
most economical and satisfactory types of dryer for tliis purpose is 
a rotary dryer (1. 410), in which the .sand can be heated by flue 
gases in an inclined drum or cylinder provided with paddles. 

Orin/ling .—Where there is not a sufficiently large proportion of 
fine grains, some silica flour or,its equivalent must be added. This 
is usually made by grinding part of the sand to a fine powder. 

Where bricks are made of sandstone, the. whole must be ground 
to pass through a 20-mesh sieve, and a small part of it further 
reduced, if ncce.s.sary, to produce a sufficient quantity of the finest 
grains. , , 

Rocks should preferably be broken down to pieces not more than 
1 in. diameter either by hammers or in a jaw-crusher (I. 347) or 
disintegrator (I. 362), and the product then ground, if necessary, 
in an edge-runner mill (I. ,374). The last-namerf must not be fed 
with pieces which arc too large, or the grinding -will be unduly 
costly. Some sandstones can be reduced to a suitable size in a 
jaw-crusher followed by a disintegrator, without an edge-runner 
mill being needed. ^ 

The supply of finest grains can best be obtained by finding, a 
portion of the material in a ball mill (I. 365), pendulum mill (I. 371), 
tube mill (I. 369), or similar fine-grinding maifliine. 

Sgreening^i—MteT crashing, the sand’shoula* be screened, a per- 

VOL. n 
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folatod plate (I. 44'^) having J-in. holes, or a gauze serecn (I. 444) 
being generally tae most satisfactory for the purpose. Even when 
no'crushing i.s noressary, it is still wise to screen the sand. Some¬ 
times,' if a sand contains pebbles or other coarse material, it may 
be besbto screen and separate the coarse particles rather than grind 
the sand. 

If the sand is at alt damp, a vibrating screen (I. 449) may be 
necessary in order to prevent the clogging of the meshes. 

In some cases, several screens are neces.sary, in order to divide 
the sand into a number of different grades or sizes, which can 
afterwards be remixed in suitable proportions. Although this pro¬ 
cedure is essential in some cases, it should be avoided as far as 
possible, as a mechanical mixer cannot produce so uniform a material 
as a natural sand. 

The screening must be very carefully carried out, .since upon it 
largely depends the final .strength of the bricks. Imperfect screening, 
and especially imperfect grading, may lead to serious results. The 
screened material .should always bo carefully tested for fineness 
(I. 246) so as to ensure that it is suitably graded. 

Testing. —The testing of sand for use in making lirae-.sand bricks 
is most important and should preferably be done by experts, as 
ordinary analytical chemists have neither the necessary appliances 
nor the special knowledge required. The tests are e.sjx'cially neces¬ 
sary before starting a new works, as failure may result from the use 
of umsuitable material. They should al.so be rej)eatcd at intervals 
in order to maintain a constant product. 

The collection of samjJes for tests should be carried out as 
described in Vol. I. p. 235. 

The principal tests necessary are : 

1. Determination of the percentage of moisture (I. 238). 

2. Determination of the percentage of silica (I. 238). 

3. Determination of the loss on igtiition (I. 239). 

4. Determination of the percentage of .silt (I. 2.50). 

6. Determination of the percentage of clay (I. 246). 

6. Determination of other impurities (this if^not often necessary). 

7. Determination of the percentage of voids (I. 261). 

8. Determinatkn of hneness and grain . ize (I. 246). 

9. Microscopic examination (I. 241). 

Detects caused by unsuitable Raw Materials. — Absorptim .—If 
the bricks are excessively porous, the cause should be first sought 
in the imperfect grading of the material, which will cause too large 
a proportion of coarse grains to be present, together with an in¬ 
sufficient quantity of fine grains to fill up the interstices between 
them. The remedy for this defect obviously consists in correcting 
the grading of the sand, as described on p. 14. Other causes of 
excessive absorption whick have nothing to do with the sand need 
not be described hcre^ 

Blotches or discolorations in the bricks may be due to the use of 
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unsuitably sand containing an excessive projjortjon of coloured 
impurities. Discoloration may also bo due to* the prosenoi^ <of 
soluble salts jn the sand, which produce a whitc*.scum pr “,pest«” 
on the surface of the bricks. Sea sand frequently forms a white 
scum dup to the salt present in it. The •remedy is to avoidfthc use 
of such sands because of these defects. ^ 

Chippiwj or spalling is sometfines produced in lime-sand bricks 
by the use of sand of irregular comj)osilion or of imperfectly mixed 
materials. This results in the outside of the bricks being different 
from the interior and so setting up .stresses which cause the dis¬ 
integration of the bricks. 

Cracks are sometimes due to the iisr; of an unsuitable sand, 
though more often they are the n«ult of some error in manufacture. 

Dusting is sometimes caused by the presence of finrs impurities 
in the sand. These are not cemented in the hardening proia'.ss and 
gradually come off as a fine dust. Scum caused by soluble salts 
(.see above) shoidd not be confused with “ dusting.” 

Irregularity in texture is due to bad grading and also to imperfect 
methods of manufacture. 

Weakneuss is often due to the u.se of a badly graded .sand, though 
the method of manufacture may have much to do with the final 
strength of the bricks. 

Further particulars respecting tlu! manufacture of lime-sand 
bri(tks will be foimd in the atithor’s Bricks and Artificial Stones of 
Non-plastic Materials (Churchill). 

ARTiFiofAL Stonh 

Artificial stone is similar to lime-sand bricks, except that 
materials otluu' than sand are sometimes used as an aggregate and 
materials other than lime are often used as bonding agents. The 
nature of the “ stone ” and thesnethod of manufacture are, however, 
very similar. 

Crushed rochs (chiefly composed of (piartz) and sand have been 
used for making artiBcial stone since 1800, when F. Ramsome first 
made bricks by mixing one part of sodium silicate with 18 parts of 
crushed (juartz, the pastyf mass being moulded tp the desired shape 
and then immersed for several wet^ks in a .solution of calcium 
chloride. This caused the decomposition of the sodium silicate with 
the production of a complex calcium silicate apd common salt. 
This silicate acts as a binding agent and firmly bonds together the 
particles of quartz. The common salt is dis.solved out by immersing 
the bricks in a stream of running water for a sufficient time. Such 
bricks had a crushing strength of 7000 to 12,000 lb. per sq. in., but 
the process was never coiflmcrcially profitable as the reaction 
between the calcium chloride and the sodium silicate is not complete, 
especially in the centre pf the bricks, and as the salt cannot be 
completely washed out, the effect of rai^ on bricks gives them 
an uRpleasank appearan6e. 
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Ford’s stone is usaally classed as an artidcial stone, though it ii 
simgly a lime-sand brick consisting of a 92-95 parts of sand anc 
6S pajt;s lime, made into bricks and hardened withosupor-heatet 
steam. The properties of the stone are identical with those o: 
lirac-saiki bricks. i 

Victoria stone, Imperial stone. Empire stone. Indurated stone, 

etc., are artificial stones prepared by uniting particles of sand oi 
crushed rock with Portland cement or sodium silicate. The sane 
used for these stones should have the same characteristics as t.hai 
employed for lime-sand bricks. In some cases the sand is only used 
as a facing for the artificial stone, the centre of the blocks consisting 
of crashed stone or other coarse material. 

Some artificial stones are made from a mixture of 4-5 parts oi 
sand or crushed stone and 1 part of molten pitch. 

Mortar bricks arc artificial stones made by mixing slaked lime 
and sand and allowing them to stand for 6-18 months in the open 
until a hard cement is formed by the action of the carbon-dioxide 
in the atmosphere on the slaked lime and by the interaction between 
the lime compounds, silica and water. These bricks are now little 
used and have been superseded by lime-sand bricks and by concrete. 

Sorel stone is made from a mixture of sand or other inert material 
and magnesium oxychloride commonly known as Sorel cement. 
Unfortunately, the cement is affected by water, so that Sorel stone 
is not very suitable for outside work ; for interiors it is extensively 
used. 

Further information on artificial stones will be found in the 
author’s Bricks and Arlificial Stones of Non-plastic Materials 
(Churchill). 

Light or Porous Bricks and Insulating Materials 

Light bricks of very high porosity and extensively used for 
insulating walls, etc., are made by the addition of kieselguhr or 
diatomaceous earth (I. 96) or sand to the clay used for maldng 
the bricks. The manufacture of such bricks'was known in very 
ancient times, but it was completely lost until the close of the 
18th century, when M. Fabbroni rediscovered the method,and used 
an Italian diatomaceous earth for the purpose. The so-called 
“ floating bricks ” may weigh only one-sixth as much as ordinary 
clay bricks, and gre largely used on the Continent for insulating 
bricks, sound-proof partitions, etc. 

Sources.— -'The chief sources of kieselguhr and diatomaceous sands 
are given in Vol. I. p. 96, where the properties of these materials are 
also described. 

Pumice (I. 137) has also been used'on the Continent for making 
light or “ floating bricks,” the powdered pumice being bound with 
a suitable proportion of lime or clay. , 

Properties of Mafeilals. —^The materials used for the manufacture 
of these bricks must be sufficiently pure to’ produce articles of the 



SANDS •for insulators 21. 

- • • 

requisite ^lightness. Where any particular colour is desired, The 
material must not contain any impurities which -frould prevent this 
colour bcing^obtained. 

Most commercial Ideselguhr and similar diatomaccovft saMs are 
sufBciently pure for this purpose, as ,the requirements tare not 
stringent;. In making kieselguhr bricks, the lighter coloured 

varieties are generally preferable, the besl being pure white or a 
light cream colour. The jize of the grains is a matter of little con¬ 
sequence in the case of porous materials like kieselguhr, pumice, etc., 
as it is not controllable. The principal requirement is that the 
material should be extremely porous ; this is not difficult to obtain 
with a reasonably pure material, as each microscopic grain is a 
hollow siliceous skeleton, with walls of extreme tenuity. 

Preparation of Materials.—Little preparation is needed to 
render kieselguhr and allied materials suitable for brick-making. 
It is dug out in blocks and allowed to stand in the open to dry 
as described in Vol. I. p. 100. If ncces.sary, the material may be cal¬ 
cined, and ground in a disintegrator (1. 362) or some form of fine- 
grinding mill (I. 363). 

Pumice is generally obtained in pieces varying in size which 
should bo freed from obvious impurities by hand-picking, and 
ground in a disintegrator (I. 352) or fine-grinding mill (I. 363) 
Ijefore use. No other preparation is necessary. 

Testing.—The tests to be applied to materials for making 
light-weight bricks depend chiefly on the use to which they are 
to bo put. The chief test in any case is porosUy (I. 261), as the 
percentage of voids is the determining factor in the weight of the 
bricks. 

Other tests which may be necessary for special purposes arc : 

(1) Refractoriness (1. 260). 

(2) Chemical comjwsition (I. 237). 

Rkfractory Bricks 

Refractory brick* such as silica bricks, ganister bricks, etc., 
are made from sands or crushed rocks in a similar manner to 
ordinary,bricks, but they possess the quality of^being able to resist 
high tempcratm’es, so tiiat they are suitable for the construction 
of (and for lining) furnaces and other appliances in which very high 
temperatures are reached. Such bricks are more •conveniently 
dealt with in Chapter VII. 



CHAPTER Jl 

THE USE OF SANDS IN CONCRETE 

Concrete is a widely used building material which consists of 
particles of inert non-plastio substance united by a cement to form 
a hard, stony mass useful for all the ordinary purpos(;s for which 
natural building stones are employed, and having sjMH'ial advantages 
in the constnietion of bridges, breakwaters, docks, canals, dams, 
reservoirs, etc. Its use has extended enormously and each year 
new uses are made of it. 

The non-plastic material which forms the greater part of the 
concrete consists chiefly of broken stone or equivalent material, 
usually referred to as coorse aggregate, and saml of different degrees 
of fineness, termed fine, aggregate, so that concrete may 1 k! said 
to be composed of four constituents: (o) cement, (6) (marse aggregate, 
(c) sand, and (d) water. 

The apparent simplicity of concrete as a building material is 
the cause of much slipshod practice in its preparation, and many 
builders and contractors have developed the erroneous idea that 
any kind of material may bo used with satisfactory results. This 
is quite wrong, as in order to prepare a concrete of best quality, 
great care must bo taken both in the selection of the materials 
and in the actual methods of preparation. It is, however, only 
proposed to deal here with the sand used in ifs composition, other 
details as to the eoment, coarse aggregate, and process of manu¬ 
facture being fully dealt with in text-books dealing siweifically 
with the preparatidn and uses of concrete. ’’ 

At the same time, in order fully to understand what character¬ 
istics are required in the sand used for concrete, it is well to consider 
briefly the uses of various constituents employed. The broken atone 
or coarse aggregate forms the bidk of the concrete and between 
the pieces of stone are interstices or voids of considerable size. 
These voids must be filled with coarse sand, leaving a product 
with smaller voids, which must in tup.i be filled with successively 
smaller sand grains, so as to reduce the proportion of voids in the 
mixture to a minimum an(i thereby produce a dense and compact 
mass. The whole o£ the particles in this mixture are bonded 
together by mean^ of the much smaller particle^ of ceijient, 
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praoticalljj^ all of which are less than 200-mesh, Being very piimite 
and of a plastic nature when wetted, the partictes of cement coat 
those of the non-plastic material and fill any interstices in»the 
mixture, sp that if the coarse aggregate and sand have been pfopcriy 
graded and rightly inoportioned, the Resulting conorefc ^s quite 
impervi(5u8 to water. The wet, pasty material must be thoroughly 
mixed so that all the constituents arc uiflformly distributed and 
each piece of stone and ej^vch |)article of sand are properly coated 
witjfi cement. The mixture is then cast, moulded, or trowelled into 
the desired shape, and after it has l)een allowed to harden for a 
sufficient time—preferably being loqit well wetted—the cement 
, acts hard, liritdy binds together the ])artiol(!s of non-])lastic material 
and forms a strong, hard and dense “ stone.” M>ieh of the concrete 
now in use does not po.ssess this impermeability, but is, on the 
contrary, quite [wrous ; this is diu^ chiefly to lack of care and skill 
in gr.ading the aggregate and sand, and pai’tly to an unwillingness 
to incur the (!xpeuse involved in sm^h grading and pro|K>rtioning. 
In many iastenoes, eonerete of the best and (huusest quality is not 
required, and a much more roughly prepared matiwial is quite 
satisfactory, as well as cheap. 

Thts chief purposes of the sand are : (i.) to lill the interstices 
between the largei' pieces of stems so as to produce a strong mass, 
and (ii.) to redmse the amount of cement which would otherwise 
Iks necessary to fill all the interstices. Th(s sand is equally as (sfficient 
a filler as the cement, and is not only elicaper but eliminates other 
difficulties which are caused when an excess of cement is used. 

Sources of Sand for Concrete.—A natural sand is usually 
employed to provide the lino non-plastic material in conenstc. 
Such sands are widely distributed and ample supplies are usually 
available, either in the beds of rivers or lakes, on the sea-shore, 
or in pits sunk into sedimentary strata consisting of loose sandy 
beds. 

They may be divided into four classes : (a) siliceous, 

(b) (;aleareous, (c) artificial, and (il) pozzuolanie sands. The siliceous 
■sands are used much more extensively than any other, the best 
qualities consisting almost entirely of grains of jmre quartz in 
rounded, subangular, or sharp grains. 

Sihceous sands nui^^ be derived from aii'^ of the following 
sources : (o) pit sand, (6) river sand, (c) sea .sand, (d) crushed rock. 

Fit sand, providecl it is sharp, clean, and free fronj gravel, clay, 
and other objectionable materials, is excellent for concrete. iSomc 
pit sands can be made suitable by screening or washing or by 
both these treatments. Much of the sand obtained from pits 
was originally deposited by rivers or lakes and should, therefore, 
be regarded as fluviatile (I? 104) or lacustrine (1. 124); pit sand 
of marine origin is usually less suitable for concrete, as the grains 
are more rounded and worn smooth, apd the presence of soluble 
salts in some of these sands is objectionable. > 

River or jflke sand, when freshly drtdged, *18 often more satis- 
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{afitory for conorele, than sand which is qxiarried, as it isj generally 
cleaner and less'o mtarainated by clay and dirt. 

«i'ea sand is not generally suitable for making concrete unless 
if half been thoroughly washed, on account of the soluble salts 
usually, present which teijd to form a white scum on the surface 
of the concrete, and also to retard the setting of the PortlahA cement. 
At first, and for a mdnth or tuo after making, the strength of 
concrete made with sea water or of concrete made with a sand 
containing soluble salts is less than that made from mateijals 
which do not contain any soluble salts, but after nine to twelve 
months the strength is approximately the same. Whore the 
concrete is to be used in sea water, sands of marine origin and con-, 
taining soluble salts may bo quite satisfactory, as the appearance 
of the surface of the concrete is not of first importance. An undue 
proportion of soluble salts should, however, be avoided. 

Olacial sands are not very satisfactory for concrete as they 
frequently contain a considerable proportion of felspar, calcium 
carbonate, and heavy minerals. 

Crushed stone is sometimes u.sed instead of sand, and if a good 
hard stone is reduced to particles of suitable size and properly 
screened and graded, it may be used with perfectly satisfactory 
results, its only disadvantage being the co.st of crushing and 
screening it. For some purposes, it is even preferable to use a 
natural imgraded sand, as a well-graded sand produces a denser 
and, therefore, more waterproof concrete. 

Some failures have occurred as a result of using unsuitable 
stone as a substitute for natural sand, but these do not occur when 
a hard siliceous stone is used. Portland stone is also used quite 
satisfactorily, but it is most undesirable to use mixed drippings 
and dust from masons’ yards, as the true nature of such material 
is not always known and it may produce an unduly weak concrete. 

Granite saruls are also very satisfactory, and in Devon, Cornwall, 
and Wales are largely used for making concrete. Tn Devon and 
Cornwall, they are derived from the decomposed granites of the 
china clay areas, whilst in Wales the siftings from the granite 
crushing plants are employed. 

Diorite and gabbro rocks, and many metamorphic rqeks such 
as granite-gneisses!' schists, etc., provide “^very satisfactory sands 
for concrete, except where they are contaminated by mica and 
altered felspar. Materials containing these substances should not 
be employed as concrete sands for reasons indicated on p. ,30. 

Cakarems sands do not generally occur naturally in a sufficiently 
pure state to be used in the preparation of concrete, but they are 
sometimes prepared by crushing limestone rocks to a fine powder, 
though such a practice is only useful* in cases where the cost of 
crushing the material is not prohibitive. Apart from this, the 
use of calcareous material for concrete is satisfactory. 

According to Taylor and Thompson,’sands consisting of fine 
limestone screeningA may ‘develop a strength of SOilOO per, cent 
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greater t^an that of ordinary sand, though the final strength* is 
attained rather more slowly than with the latt#r'. The cau*e of 
this difference is not fully known. « • , 

Artificial sands aro made by cnishing rocks or othfer i^assive 
materials and so reducing them to “ san(J-” Almost all sawlstones 
and mafiy other highly siliceous rocks may be enished for this 
purpose, though sand made by brushing larger crystals of quartz 
is not generally suitable fqf concrete making, as it produces highly 
angular particles which give an excessive proportion of voids. 
Flint also gives angular grains and, therefore, an undesirably high 
proiiortion of voids. 

Crushed volcanic scoriae, such as pumice,, are very useful as a 
sand for light-weight concretes where the aggregate is made of 
larger pieces of the same material. According to J. P. Nash .such 
concrete weighs 14-8 per cent less, is 12’5 stronger than where 
lime.stone is used, and has about the same strength as a sandstone 
concrete. Pumice also has the arlvantago of not “ flying ” when 
heated, like granite, flint, and similar rocks. 

Cintlers also render concrete very light, but are not a reliable 
material whore great strength is required. 

Iron ore tailiru/s have been used very satisfactorily as a sub¬ 
stitute for sand in concrete ; they are usually well graded and 
produce a strong mass. 

Pozzuolana (1.136) or trass (I. 165) is sometimes ground to a fine 
powder and used as a sand. Pozzuolanie sands are especially valu¬ 
able, as they not only act as a filler of interctices or voids, but, in 
addition, they combine with the lime set free when the Portland 
cement is wettcid and so produce a jxizzuolanic cement which aids 
in binding the particles of non-plastio materials together, and thus 
forms a stronger concrete than when an (mtirely inert sand is em¬ 
ployed. This fact was well known to the ancient Romans, who 
mixed pozzuolana or trass (or , failing these, ground potsherds) with 
their mortar to increase its strength. 

The value of a material of this kind is specially important as it 
neutralises one of tile most serious defects possessed by Portland 
cement, namely the liberation of free lime, which if the concrete is 
subjecte^J to the action of water as in piers and bfcakwatcrs, bridges, 
etc., is, in time, washed*out and leaves a porous mass, in which the 
liability of the reinforcement to corrosion is considerably increased 
and the life of the stnicture is shortened in proportion to the in¬ 
crease in porosity. By employing some active material such as a 
pozzuolanie sand, which combines with the lime thus liberated, 
this defect is avoided and the porosity of the concrete is not 
diminished. For this reason it is very desirable to add rather more 
pozzuolana or trass than i^ necessary to combine with the whole 
of the lime liberated during the hydration of the cement; thus, 
lime usually weighs about one-quarter erf the cement used, so that 
a suitable proportion of pozzuolana or trass* is about one-half the 
quantity of Portland cement in the concrete ; ’this amount may be 
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deducted from the f otal quantity of ordinary siliceous sj,nd which 
woujd otherwis6fbe used. A concrete consisting of 1 measure of 
ceiftent, J measufe of trass, and 5 measures of sand a.nd aggregate, 
has bAjn fOund to be particularly durable and resistant to the action 
of sea yator. , 

When natural pozzuolana or trass of sufficiently goO?l quality 
cannot bo obtained, a Sand made by grinding lightly-burned clay 
may be substituted. Indeed, if the c|jjiy is reasonably pure and 
has been suitably calcined, such a product will bo more active i^ian 
the natural pozzuolana. Where specially calcined clay is not 
available, any other burned clay material which has been crushed 
to a suitable fineness may bo used. Bricks, terra-cotta, grog, or 
other waste materials of the same character have been u.sed for this 
purpose ; they are not as good as clay .specially burned for the 
purpose, as they have usually beam heated to too high a temperature 
and so contain a smaller projiorlion of active material. If, how¬ 
ever, a correspondingly larger proportion is used they are satis¬ 
factory. The cost of these pozzuolana substitutes is the chief 
drawback, though this is of minor importance in extensive maritime 
works. 

A prepared sand consisting partly of inert material and ])artly of 
pozzuolana or its equivalent is nearly ideal and produces a highly 
satisfactory concrete, particularly suitable for use in sea water, where 
the conditions are most stringent. Pozzuolana decreases the hard¬ 
ness of concrete, but it increases the toughness and impermeability, 
and reduces the tendency to brittleness. Like pumice, pozzuolana 
and its substitutes are fire-resisting and do not ffy when heated to 
a high temperature. 

In spite of the great advantages which accrue from the use of 
pozzuolana in concrete, it has not been emjdoyed so much as its 
peculiar properties warrant; this is largely duo to the fact that 
pozzuolana is not readily obtainablq and is somewhat costly, and 
to ignorance of the fact that calcined clay is an excclhmt substitute. 

Sl<uj sand is prepared by running molten slag into water to 
granulate it and then crushing it; it is someifimes used in place of 
natural sand. 

Ground glass and raeto/ filings have also been used as,.sands in 
concrete. 

The chemical composition of sands used in the preparation of 
concrete is not of groat importance provided they are not too 
impure. As previously stated above, an ideal sand is composed 
of an active lime-absorbent with an inert filler, but where a natural 
sand is used the chief object, so far as chemical composition is 
concerned, should be to select a sand which is clean and not con¬ 
taminated with clay, loam or “ dirt.” '’The loamy or clayey matter 
found in many sands contains organic matter as well as clay, which 
is injurious to Portland cement, and is, therefore, a very undesirable 
constituent of concrete. Such sands may often be recognised by 
their dull or “ deatl ” apflearance, this being frequently, though 



27 


SANDS'FOR CONCRETE 

not invariably, due to the grains being coati^l with organip im¬ 
purities. I • 

Table III., due to S. E. Thompson, shows thrteffeet of orgiftiic 
impurities in the sand. According to this inve.stigator, •the Maxi¬ 
mum allowable proportion of organic lUijjtter in a sand to Ije used 
for concrSto is 0-1 per cent. 


Table III. —Effkct of Oroanic Mattior in Rand 


♦ 

Sand. 

Tensile Str<‘n}»th (d 

1: 3 MorUrut? Days, 
lb. |H*r »q. in. 

'ronsllo Stretifith ei 
l::i Mortar at Days, 
lb. iHT s«|. In. 

(>•5 por cent vegetable rnaUi.‘r . 

,, 


Average sand. 

4;i 

114 

Washed sand. 

12!l 

2(11 

Nearly free from organic matter 

Kiij 


Slaadard Ottawa sanil 

200 

300 


With regard to the elhuit of loam containing organics matter 
(probably humus), M. Fcrct has found that the stnmgth of a 1 : 2 
mixture of <;ement and .sand was reduced by 2 per cent of loam, 
but that of a 1 : 3 mixture was slightly increased when 2 per cent 
of loam was added. It ap[)cars, therefore, that loam is more un¬ 
desirable in strong mixtures of concrete than in weaker ones, 
though too much reliance .should not be placed on a single .set of 
experiments. Tabh? IV., prepared by the Cement Users’ Testing 
Association, shows the effect of loam on various sands which were 
pass('d through a 30-mesh sieve and were mixc'd with cement in 
the proportion of 1 part of cement to 2 of sand. 


TaBLK tv.- liSFKCT OF LoAM IN CONCIIKTK 


•> 

I.'ltimato Tensile .strentrtb uf(cr 2 Months in 
lb, per .sq. in. 


Unwashed Sajjil. 

Washed San«l. 

* 1 



Sand from Newbury . 

4:!U-2 

4.Tn-2 

Ron sand. 

.•(07 

».308 

Sand from Nuneaton . 

2(>5 

320 


It will be seen that the fimt two contain very little loam and are 
not improved by washing, but the Nuneaton sand is considerably 
improved by having the loam removed. , 

The effect of clay, a.^ distinct from loam containing organic 
matter, on t^e strength of concrete is %)y no hneans fully under- 
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sfjood. Some uscrstof eoncrcte consider the presence of ylay in any 
proportion to Btfi very undesirable, for the reason that it increases 
^hfi amount of (foment required and decreases the strength of the 
tinishW ebnerete. On the other hand, it appears that under certain 
circunvitanoes clay is u^ful in concrete, and Seger and Cramer 
have found that clay sometimes increases both the tensile and 
compression strengths bf the conerete. Their tests were made with 
a mixture of Portland cement mixed jvith three times its weight 
of suitable (“standard”) sand, and similar mixtures were also,pre¬ 
pared in which part of the sand was replaced by an equal weight 
of clay. Various clays were used for this purjioso, the mixtures 
containing sand and clay in the ratio of 9:1. Each mixture was 
well stirred up with the water neces.sary to make the concrete and 
was poured rapidly over the cement, and the whole rapidly worked 
up in a small mixing mill in accordance with the German standard 
method of making tests. A number of cubes were then prepared in a 
Bohme hammer-mould, half the cubes being allowed to harden in 
water and half in air. The strengths of the test pieces were det ermined 
after one, three, and six months, respectively. The results given in 
Table V. are the averages of ten tests on each mixture : 


TAnr.E V. —Effkct of Ci.ay on Concbetk 





Strpn^th ill li>. per s(|. in. ai'ter 


Mixtnro usimI. 

UanlcncMl 

in 

1 Mofitli. 

3 MolltllH. 

G Montim. 



Tiirisilf. 

Coni- 

I>r(.‘s.sion. 

Tensile. 

(.’oin- 

pression. 

Tensile. 

(.•otn- 

prcfwion. 

1 of cement, 

Air 

298 

2489 

424 

3314 

400 

3573 

3 of Band. 

Water 

2.5:) 

2029 

291 

2810 

328 

3354 

1 of cement, 

Air 

395 

2320 

005 

.3382 

577 

345.3 

2*7 of sand, 

0*3 of china clay. 

Water 

3U0 

1995 

3;)3„ 

2842 

408 

3555 

1 of cement, 

Air 

:)72 

2250 

441 

.3212 

42|S 

3632 

2*7 of sand, 

0-3 of brick clay. 

Water 

233 

1780 

'.ilO 

2712 

428 

4010 

1 of cement,* 

Air 

412 

2447 

420 

3350 

824 

4255 

2*7 of sand, 

' 0-3 of sand ground 
as fine as possible. 

Water 

360 

2281 

387 

2735 

467 

.3570 


The increase in the tensile tests with the china clay is remarkable, 
and whilst the increase ip strength brought about by the use of 
ordinary brick clay is. loss, it is still noteworthy and is more notice¬ 
able after six months hardening under water. 
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The teats made with exceedmgly fine sand indicate that tile 
action of the clay is due to its fineness rather than to any particular 
qualities which differentiate it from the sand. ^ ^ 

A further set of experiments, in Avhicli the blocks were repeatedly 
frozen ai^ thawed before testing, showed that whilst the samples 
containing the clay had a somewhat lesser strength than those in 
which pure sand was used during'the first month, yet, when more 
completely hardened, the presence of as much as 20 [Hjr cent of 
brick clay considerably increased the strength of the test blocks, 
though after a year’s exposure the pure sand showed bettor rc.sults 
than the clay mixture. The difference was so small, however, as 
to be scarcely appreciable, and may be well within the errors of 
experiment. 

Further tests with largo-sized particles of quartz replacing part 
of the sand showed that, in this case also, the [jresence of 10-20 per 
c(!nt of moderately plastic clay had no perceptibly harmful influence 
on the strength of the concrete, either before or after the test pieces 
had been frozen rop<!atedly. 

According to J. L. Davis, clay may be added to ordinary con¬ 
crete with beneficial results in permeability and strength. Ho found 
that the presence of clay effects a marked decrease in the permea¬ 
bility of the conewite, and that it .slightly decreases the density of 
concrete containing 10 per cent of cement and slightly increases 
that containing 11 per cent. Ho also found that the pre.seneo of 
clay is more advantageous in lean con(wote than in richer ones. 
Unfortunately, no tests were made with a higUy plastic clay, such 
as Devon.shirc or Dorset ball clay, but it may be considered as 
proved that the jwosence of up to 20 per cent of clay in a concrete 
material can do no possible harm, provided that the clay is of 
such a kind as to be softened by water and that it is not excessively 
plastic. 

The effect of loam on mixtur<>s of sand and cement is also 
shown in Table VI., due to R. kS. Greenman. 


'I’Anus Vl. —Efi'kct of T.oam on Conckktk 


I’ur c^eiit 
of Isoam. 

^J^iunlHT of 
Saiitlrt 
tented.* 

Averut^ jnir 
cent Loam. 

Tensile .Strnijrth. 

Natural Sand. 

Washed Sninl. 

7 Days. 

28 Days. 

7 Dayi^ 

28 Days. 

0-2 

7 

10 

128 

254 

148 

261 

2-5-:(-!; 

6 

30 

181 

278 

178 

271 

.50-00 

5 

50 ' 

222 

324 

205 

310 


• All tho Handa eoiitnitlod api)ro.\iinately the same iicrccntaKo of voids. 


The presence of silt in concrete is not so harmful^ as the presence 
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of cl»v, yet, altjiough it does not reduce the strength, it t^ds to rise 
to^the surface oFthc concrete and cause dusting or scaling. 

. M^icacemis mJhter in sand for making concrete is also detrimental, 
as the strength of the concrete is lowered on account of the thin 
flat pliftes of mica, tending to cause lamination and flakip^. 

According to M. F(jret, less than 2 per cent of mica has little 
effect on the tensile strength df concrete, but tlu; compres.sivc 
strength is appreciably affected. 'This was confirmed by VV. Willis, 
who found that mica iniToases the percentage of voids in a sand, 
20 per cent increasing the voids from 37 to 07 per cent. 'The tensile 
strength of a mixture of I j)art of cement with 3 parts of micaceous 
sand was reduced as shown in Table VI1. 


'Tablia VJI.—Effkct of Mica on Steiknoth of Conchkts 


IN'f rpiit of 

TpiisMp StTPiinl li in 11). jicr .hci. in. 

.Mli-it prpsi'rit. 

.\fter 7 Days. 

.\ft4T liS Day.s. 

.Af(,or3 .Months. 


180 

208 

21)0 


140 

178 

24.') 

71 

05 

105 

20!) 

5 

no 

140 

180 

10.12.1 

70 

120 

100 

i.^ 

02 

00 

142 

20 

40 

05 

105 


Felspar should not be present to any groat extent as it tends 
to disintegrate and so weaken the concrete. 

'The presence of soft and easily decomposable minerals in 
concrete sands is also undesirable as they reduce the durability 
of the concrete. 

Alumina in sands used for TEiarine concrete should not exceed 
6 per cent, though if the alumina is nsplaced by iron oxide a very 
satisfactory material is obtained with a high rtisistance to corrosion. 

Iron pyrites should not Ihe present in sands for use in concrete, 
as it is readily o,\idiscd in the pre.senee of water, thus forming 
sulphuric acid which attacks the cement. 

Lime in an unslakcd form should never be present in a sand 
for use in eoncrete, as it may, later, expand and cause trouble. 
According to Sabin, the pre.senco of 2 per cent of ground quieklime 
in a concrete severely reduces its strength. Properly slaked lime 
is less harmful, and may even be desirable, in a lean concrete as it 
increases the mobility of the mass and ensures a better adhesion 
of the concrete to the reinforcement'. M. Feret has found that 
with St. Malo sand the maximum strength was developed when 
4-5 per cent by weight of» hydrated lime was present in a mixture 
of 1 part of cemenf *with 4 parts of sani and lime. In mixtures 
containing more cement or more lime the strength ewas lowered. 
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This is oo^nned by the result of experiments «»ade by Sabin aAd 
shown in Table VIII. • * 


. Tahm-: VIJT. —Kffect of Ljmr on Conckktk 


Proportlons^df 
Coinciit phis 
l.line to Sutxi 
by 

J’roiKirtlonB of 
i!(*iiH‘Tit to Sami 

by Weij?lit,. 

t'onient. 


— 

Sand. 

Avpra«e 'JVtisild StrciiKth. 

At 28 Days, 
lb. per .sfj. in. 

At 'i Months, 
lb. per si(. in. 

*I ; ;i 

1 : :* 

200 

0 

fiOO 

201 

236 


1 : :i 

200 

20 

000 

242 

205 

1 : ;t 

1 ; 3i 

180 

20 

000 

2.88 

204 

1 : ;t 

1 : 1 

l.'iO 

50 

000 

l«8 

171 

1 : 

I ; « 

100 

100 

000 

57 

70 


* TIui weight (if lime iJaste was times tii(^ weights shown in tills eoluinn. 


The Ix^neficial effect of small proportions of fully slaked or 
hydrated litne and the harmful effect of larger proportions on the 
strength of concrete may bo accepted as established. 

Moisture .—presence of moistiiro in sands has a very 
im])ortant influence on the percentage of voids, as \vill bo seen from 
Table LVIII. in Vol. 1. p. 264. It also determines the extent to 
which a sand can be eompactod. 

The shape of the sand grains is somewhat important, as if they 
are too smooth and round<!d or too flaky, the resulting concrete 
will be weak. The best-.shaj)ed grains are tlu'se which are almost 
s[(herical (1. 218) yet have tnoderately sharj) angles; such grains 
are known as sub-ang\ilar to distinguish them from the sharply 
angular, as well as from the rounded grains. According to Feret, 
the importance of havmg angular grains is often exaggerated, his 
experiments having shown that there is little differenci! between 
rounded and angular sand, the strength of the concretes being 
practically the same with each. Any small differences okserved 
are rather in favour of the rounded grains, and the latter certainly 
facilitate the mixing. Hamping, etc., of the concrete as compared 
with angular ones, as there is less frictional resLstanew of the particles 
and the rounded grains tend to roll more easily into the vacant 
spaces. Angular grains also present a larger surface, and therefore 
require a slightly larger quantity of binding material, this being 
more noticeable in weak mixtures containing more than 3 parts 
of .sand to I part of cement. Rounded grains also give a rather 
denser concrete than sub-rounded grains, since spheres when packed 
give the minimum proportion of voids. Theoretically, when one 
sphere rests upon another one, the jrercentage of voids is 47-6; 
when each sphere rests on tllrce others there is 26'!)5 jxir cent of 
voids. It is imjwssiblo to attain these theoretical figures in actual 
practice even when usin^ the finest sand. H. C. Sorby found 
that he could not obtain a closer packing than .34 per cent of voids, 
even after violent tamping and shaking. ’ ’ 
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Some users nave, found that a nnxiure or raie sharp j,na coarse 
smooth sand is' (potter than a sand composed entirely of smooth 
grains, *■ 

Whore concrete is to be used by pouring or in a cement gun, 
angula* grains are sometimes preferable, as they appear tg produce 
a concrete of greater density than do rounded grains. 

Flat grains, such as occur in fnicaceous sands and rocks, should 
not be employed, as they tend to lie ipi one plane and so reduce 
the strength of the concrete and increase the tendency to 
lamination. 

The size of the sand grains is the principal factor in determining 
the value of a sand for concrete, as the grading of the sand affects 
the strength of the final mixture much more than the shape or 
chemical composition of the grains. As a general rule the sand 
should be fairly coarse ; a large proportion of very lino grains 
is undesirable as they tend to produce a weak ma.ss. Moreover, 
the finest particles usually include all the clay and much of the 
organic matter, both of which are objectionable, and also the 
greater part of the heavy minerals. Hence, the removal of the 
smallest particles from a sand affords a simple and ready means 
of increasing its purity and usefulness. Moreover, on account of 
their small size, tlie finest particles tend to introduce more air into 
concrete. They have also a larger surface area and, conse(|uently, 
require a larger proportion of cement to coat each grain properly. 
In extreme cases, a fine sand requires nearly double the normal 
amount of cement to give a concr(!te of equal strength. Fine 
sands also require more water than coarse ones to make an equally 
smooth paste, and this results in the concrete being more porous 
unless the workmen are very thoroughly supervised and compelled 
to avoid the use of an excess of water. Apart from this, however, 
the presence of apparently inert silica flour or “ dust ” appears 
to bo objectionable. This is shown by the fact that the presence 
in a sand of 10 per cent or more of material which will pass through 
a 50-mesh sieve effects a considerable reduction in the final strength 
of the concrete. The smalle.st grains tend t() form a coating over 
the coarser material and prevent the cement from coming into 
contact with it, sp that unless the mixing is extremely (thorough, 
more so than is likely to be attained in actual practice, the mass 
will be weak, and even when the most thorough mixing is possible, 
the strength is appreciably reduced. This is confirmed by the 
results of some tests made by D. Kirkaldy & Son, issued by the 
Concrete Institute (now the Institution of Structural Engineers), 
in which the sand consisted of porphyritic granite and blue 
whinstono, crushed so as to pass through a 30-meah sieve, and 
including all the dust. It was corafiarod with a similar mixture 
of standard sand (I. 162) and cement, the results being as .shown 
in Table IX. • 



Statidurcl sand and comont--- 

Aftor 7 days .... 
After 28 days . • * • 

and whinstoiio orushings and 
cement: — 

AfU'r 7 day.s .... 
After 28 days .... 


CONCRETE 

,33 

p Du.st ok Conor 

r 

'JVtwilfl Strciitrtli, 

Criishirv * 

lb. ppr s<i. In. 

lb. per sq. In. 

• 

182-2 

2781) 

224-0 


r»8-2 

m ) 

104 


D. A. Abrams found that I ]ier cent of lino powder (‘‘ dust ”) 
of tho following materials rodueos the strength at twemty-eight 
days of a 1 :4 coinToto by tho ])ereentage indieated; Hriek 0 08, 
Clay 0-22, Kaolin 0-47, Whiting 0-24, iSand 0-37, Natural cement 
()-38, Limestone 0-39, Hydrated lime 0-5G, Lava 0-40, Tufa 0'51, 
Fluorspar 0'43, Kieselguhr 0-48, Tronite 0-60, Yellow oehre 0-68, 
Mica 1-10, Pitch 1-50, Gypsum 4 tM). He also found that the 
effect of fine materials in reducing the strength of concrete was 
much more pronounced in rich mixtures than in weak ones, mixtures 
such as I : 9 to 1 : (i being little affected or madi! slightly stronger 
with various proportions up to 50 |xu' cent of the fine material. 

A contrary opinion as to the effect of “ (hist ” and other very 
fine particles in sand is held by some investigators and users. 
Thus, H. L. Itogers (insiders that the removal of the fine material, 
as suggested by the (.loniTetc Institute, is not good practice, Ixieause, 
whilst it admittcidly gives a greater surface area and contains 
a larger quantity of air which is difficult to displace, yet it has tho 
advantage of fully tilling up some of the spaces between tho grains 
of medium sand which is often badly gi'aded ; for this reason 
the pro.senee of dust or flour .sand tends to save cement and make 
the concrete more impervious to water. Sometimes the gain in 
imporviousness is moi’e important than the loss in .strength. On 
the other hand, it is .sixicially important that very fine sand should 
not bo u.#)d in concrete ^which is subjected to ,the action of sea 
water, as this appears to be a common cause of failure in such 
concrete. 

The men engaged in tho production and placing *of concrete 
prefer a material containing fine sand because it is more easily 
worked than one in which only coarse sand is used. This advantage 
is, however, generally far outweighed by tho disadvantages. 

The best relation of the sizes of the sand and coarse aggregate 
is not fully understood, but % coarser sand is usually required for 
a very coarse aggregate than is desirable for ad aggregate composed 
of smaller particles. ■ 

Partly as a result of conflicting evidence ,and opinions, and 
partly with a* desire for cheapness, the limits of size of grains in 

VOL. II ’ n 
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the sands used by different builders and contractora are very 
vafied. ) 

*• The IJritish Standard Specification for Portland cement directs 
that the sand used for testing must pass wholly through a 20-mesh 
sieve and bo retained on> a 30-mesh sieve, but in the p’^eparation 
of concrete on a large-scale such a narrow limit of size would be 
impracticable. Sand which conforms strictly to the Standard 
sand u.sed in testing cements docs not produce so strong a concrete 
as that containing a wide range of particles. For this reason 
it is btitter to regard the upper or coarser limit for sand used in 
concrete as determined by a 20-mc8h sieve and the lower or finer 
limit by a 50-mosh sieve. The Standing Committee of the (Joncrcte 
Institute have fixed the upper limit of sand as that which passes 
through a J-in. by j-in. sieve and the lower limit as that which is 
retained on a .,V,-in. by >,Vrin. aperture. Taylor and Thompson, 
who.se recommendations are largely followed in the United States, 
adopt the same limits, but they also specify that “ fine aggregates 
shall be of such qiiMity that mortar com])o.sed of 1 part of Portland 
cement and 3 parts of fine aggregate by weight, when made into 
briquettes or into prisms or cylinders, will show a tensile strength 
at an age of not less than seven days at least equal to the strength 
of I : 3 mortar of the same consistency made with the same cement 
and Standard Ottawa sand. If the aggregate be of ])oorcr quality 
the proportion of cement shall be increased in the mortar in order 
to secure the desinxl strength. If the strength developed by the 
aggregate in the I : 3 mortar is less than 70 |«r cent of the strength 
of the Ottawa sand mortar the material .shall be rejected. To 
avoid the removal of any co.nting on the grains, which may affect 
the strength, bank sands shall not be druxl before being made 
into mortar, but shall contain natural moisture. The [Xircentage 
of moisture may be determined upon a separate sample for correcting 
the weight. From 10 to 40 per cent more water may bo required in 
mixing bank or artificial sands than for Standard Ottawa sand 
to produce the same consistency.” The Committe<^ of the Royal 
Institute of British Architects .s])ccifies a sand composed of hard 
grains of various sizes up to those which will pass a j-in. 
square mesh, but of which at least 75,,j)er (xmt should pass an 
J-in. square mesh. Fine sand alone should not be used, as it is 
unsuitable. 

The imposition of a strength test is very desirable m the case 
of important concrete work, especially where the mass is com¬ 
paratively thin, as for such work the sand used must not merely 
be clean and w'cll graded ; the person responsible for the con¬ 
structional work should satisfy him.self that, when mixed with 
cement, the sand yields a product having at least the same strength 
as is produced by standard sand in laboratory tests. With a well- 
graded .sand containing a sufficient proportion of moderately fine 
grains the strength will greater than will that of “ Standard 
Sand.” 
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Anothgr useful speciheanon wruen a])i)lios equally to tho sauu 
and coarser aggregate will be found on p. 37. i' • 

Not only should the sand be within the size limits men|ion(^l 
above, but it should also consist of grains of various sizes within 
these limits, so that the sand, when ,sli#ken and tamped Wightly, 
will protruee a mass with the minimum proportion of voids. If 
all the particles are of the same .?iize this will not be the case, and 
such a sand would produce a weak comTctc on account of the 
greater proportion of voids present unless a larger [iroporthm of 
cement is used, and even then some of the interstices tend to remain 
unfilled and so reduce the strength of the concrete. Fig. 3 shows 
a diagram of a number of particles of uniform size. It will be seen 
that the voids between them are quite large. Fig. 4 shows the 



Fic. 3. 

.Sand-partii4e.s of one prado. 



proportion of voids considerably reduced by the addition of a 
number of smaller grains wliicli fill uji .some of the spaces between 
the large grains. Still less space would b(< left if further grouiis, 
each containing successively .smaller sizes of grains, were added. 
From this it will bo clear that the sand must be very carefully 
graded and compo.sed of particles of a sufficient number of diffenmt 
sizes, otherwise it wilf pr oduce eithei' a weak concrete or will require 
a very large jiroportion of cement. As the cost of the additional 
cement i« far greater than the cost of grading the sand, a careful 
grading of the material effects a consiflerable saving. 

The eflect of grading is well shown by a eomparison of the 
tensile and compressive strengths of mixtures of sand find Portland 
cement. According to M. Feret, their relationship is shown by 
tho following formula : 


P=K 



where P represents tho compressive strength of the mixture in lb. 
per sq. in., C represents the volume of cement in the mixture, S is 
tho volume o| sand in the mixture, and is a*constant depending 
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on the nature of the sand and cement used. M. Fqret tested 
mijttures of tlirei grades of sand—(o) 5-15 mesh, (6) 15-46 mesh, 
(r) leijs than 46-iilesh—and found that the strongest mixture con¬ 
sisted of 2 parts of coarse grains to 1 part of fine grains and cement. 
M. Fewt has plotted his results on a triaxial diagram ^(I. 214); 
this affords a simple ipeans of showing the volume of sands of 
deficient finene.ss, the compositions having the same volume being 
joined up by contour lines. , 

It is, however, impossible to compare sands entirely % a 
comparison of the percentage of voids, as the proportion of moisture 
present in each sand varies and alters the results (1. 264). 

Table X., due to Taylor and Thompson, shows the marked 
effect of variously graded sands on the compressive strength of 
1 : 3 mixture of cement and sand. 

Tadle X.—I'Ikfect of Grauino Kano 


KhikI. 

J-i». Me8li. 

1-in. Mcnli. 

20-Mcsli. 



Per cent 
\oiih. 

<’oiii|»r(‘jwjve 

.Sfrenyth 

7 Days. 

11). per sij. ill. 

I 

100 

84 

(>2 

28 


311 

71.5 

2 

100 

100 

84 

77 

0 

;j8 

405 

3 

100 

100 

02 

84 

27 

40 

:m 


The effect of grading, as shown by the i)ro))ortion of voids in 
the sand, is also shown in Table XI., duo to R. S. Oreenman. 


Table Xf.—K ffect of Voios in Sand 


]*er cent of 
Voids ill 
washed Sand. 

Number of 
Sands tested. 

i’er rent 
tiiroush 1(10 
Sieve. 

.4veraKe per 
•Tilt Voids. 

Teiisiie StreriKtli.* 

7 Dfiys. 

28 Days, 

2.5-,30 

5 

2-8 

27,-8 

192 

1 310 


17 

(i-4 

:j:jo 

104 

2.50 

35-40 

11 

0-7 

37-8 

140 

220 


• Results taken only on washed samples so that the elfeet of loam would be nil. 


The testing of various mixtures is tlie only realty debnite method 
which can be employed and should never be omitted in important 
work. 

Conversely, the^ effect of grading on the percentage of voids 
is shown in Table XII., b/R. S. Greenman. 
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Table Xfl.— Kfeect of Grauino on Vo,ids 






PtfreentaKe of Satjd jiiwsiiiK Sieves .Nos. 

. • 

• 

Per* 
cent «)f 


2- ’ 

4. 

0. 

io. 

^0. 

30. 

40. 

60. ^ 

74. 

100. 

140. 

20g. 

Voids. 

A 

100 

99 

98 

89 

(>9 

47 

.20 

14 

% 

;i-8 

2:1 

10 

02 

B 

100 

99 

98 

90 

87# 

72 

5G 

;)i 

17 

5-8 

2'(> 

Id) 



100 

1(10 

99 

OS 

95 

79 

(iO 

:tK 

20 

7-5 


1-0 

:ioo 


The proportion of voids in various sands is shown in Table XTII., 
comiriled by the Cement Marketing Co., Ltd. 


Table XFII.- -Provobtion ok Voio.s jn SANr).s 


Moist. samI nmlor 1 K-tiiesli 
„ over 18-itiesli . 

,, mixed 

Itry satul mixed . 

Stone seroenin^.s and dost . 


Sylids per cent. 

Voifl.s pt*r cent. 

r>7 

40 

(55 

05 

02 

08 

70 

00 

58 

42 

, in an id(’al sand the pro 


])Oi tion of grain.s of various sizes and their diameter.s, when plotted 
on a grapli, should bo in th(! form of an ellijtse, to which the graph 
f>f the coarse material (which should be a straight line) should 
form a tangent (Fig. 12, Vol. 1. p. 216). Such an ideal graph 
may be oonstrueted from the information in Table XIV. 


Table XIV. 


• 

• • 

hiter»eetin« of 
Tivncent with 
Vertical ut Zero 
Diameter. 

HeiHllt t)t' 

Tangent 
i'oliit. « 

A xes of 

IDIliltses. 

a. 

fi and r. 

Crushed stone and sand 

28-5 

.17-7 

O lijp D 

37-4 

Gravel and stone . 

2«0 

. 9 . 3 -4 

0184 D 

350 

Cnished stone and screenings 

29 0 

.■10-1 

0147 U 

37-8 




In order to construct the ideal graph of the constituents of a 
concrete, the value given for a is multiplied by the maximum size 
of the coarsest particles and the resultant figure marked off on the 
horizontal scjle of sizes of particles. M vertical line through this 
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point forms tliu axis of the ollipso. The value b is founcj from the 
table and the Iwigth of the vertiiial axis is laid with its centre 
7, per- cent abovV the horizontal line of the graph. The ellipse 
is then cbmjileted and the straight-line graph of the aggregate 
drawn #rom the point of I’nterseetion of the 100-per-cent line and 
the line denoting the largest-sized particles to a point rcjfresenting 
the point of intersection of the tangent with the vertical at zero 
diameter, the value for this being found from the table. This 
line should form a tangent to the ellipse. Where an artiljcial 
mixture eamiot bo prepared to coincide exactly with the ideal 
curve it should preferably intersect on the 40-per-cent lino. 

Another very ingenious method of comparing concrete .sands, 
devised by L. N. Kdward.s, ba.ses the (comparison on the surface 
area of the jiarticles and is similar in principle to the surface factor 
method (1. 211). The number of particles of sand per gram for 
each size of particle is found by counting and by finding the weight 
per gram of the material, its speeitie gravity, volume per gram 
and average diameter of the grains ; the surface area per gram 
can then be calculated. From this, the average surface area of 
a .sand can be found by multiplying the percentage of grains of 
each size by the corresponding surface area per gram and dividing 
the total of these figures by 100. As a result of his work along 
these lines, L. N. Edwards has suggc'sted grading concrete sands 
as .shown in Table XV. 


'I'Alll.lO XV. 


Si//* «»f I’articloH. 


Over ,}-in. rnesli 
lO-mosli . 

20 „ . 

50 „ . 

100 „ , 


pKoro«Ki> Gbadini; Scali-: 



I'lTffrfltflgC. 


Nil 

Not nioro than 80 per cent 
55 


The Tests Committee of the Concrete Institute have suggested 
that “ sand ” shall be divided by sifting,into the followi.ig grades 
and the percentage of voids aseertamed in (a) the whole and 
(6) each separate grade : 


To pass by an aperture of 
1/4 in. by 1/4 in. 

] /8 in. „ 1 /8 in. 
l/l(i in. „ 1/16 in. 
1/32 in. „ 1/32 in. 


To bo retained by an aperture of 
1/8 in. „ 1/8 in. 

1/10 in. „ 1/16 in. 

1/32 in. „ 1/32 in. 
l/.Win. „ 1/50 in. 


The proportion of each grade to the whole and the specific 
gravity of the sand should also be ascertained. No definite pro¬ 
portions have been fixed. 

The effect of tfte size'and grading of the sand op the porosity 
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of permeability of conerofb is shown in Table NVI., due to S.*]<? 
ThompsorU 


Tadi.k XVI. - IOffkct of GaADiNa on tiik Porosity of tiik,Con#reti» 
WITH Coarse anu Fine Wand 


Proporlion.s 1 : .1; fi, by volume, or I 


Clianirtrr of Sunif. 


1. All ooar.so 

2. 5/fl roarse, 1/(1 fine 
.‘1. 2/11 coarse, l/.I fine 
4. All fine 


: 2-8 ; S-7 by weight, ago ;i2^laya. 


. -~¥' 

Di'tisity. 

WattT i>as<lim ill (trains 
|K'i Mliintc. 


i4r>i 


I0-4 


4.40 


.40-2 

. - . . 

— .. . . . 


The grading of the sands used by Thompson is shown in 
Table XVII. 

Tadt.e XVII. -Analyses of Natural Hand and Hi'keen (Ihavul 
USED IN Tests 


Sii'vr. 

Coarse ShikI, I'cr cent. 

Kinc Sami, |mt pent. 

Sftfencil (Jravel, 
per (•l•ll(. 

1 ill. 



100 

A in. 



r>o 

{ in. 

100 


0 

No. 5 . . . 

S8 



No. 12 . 

77 

100 


No. 40 . 

42 

00 


No. 200 

4 

27 



A sand of a speeilied grade may sometimes be best obtained 
by mixing two or more different sands or giTules together. 

It must always lie re.membercd in grading sands for concrete, 
that a sand should not be too rich in the flne.st particles (see p. 32). 

'J’ho hardness of Jhe particles of sand used in concrete is less 
important than that of the coarse aggregate, nor does the .strength 
of the grains seriously affect that of the lini.shed concrete, providffd 
they are'able to withstf^nd weathering. Sanihf which are readily 
decomposed on exposure should, obviously, not be used for concrete. 

The specific gravity of a sand suitable for concrete should not 
be loss than 2-45. ’ 

The volume-weight of a sand (I. 222) is a fairly good indication 
of the proportion of voids present (T. 222). Thus, a fine sharp 
sand weighs about 92 lb. per cu. ft., a coarse sharp sand weighs 
about 90 lb. per cu. ft., whilst a mixture of equal parts of the two 
weighs about 102 lb. per cu. ft., as the proportion of voids is greatly 
reduced. Sands composed of rounded grains have a larger pro¬ 
portion of voids and are consequently lighter than more angular 
ones. Thus, a lino smooth sand weighii about 80 lb. per cu. ft., 
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a .coarse smooth sand 84 lb. per cn. ft^., and a mixture ot equ^ 
parts of coarse and fine about 94 lb. per cu. ft. *■ 

»{’reparation (!'f Sands (or use in Concrete Making. — Where 
fiossille, it is both better and cheaper to use a sand without any 
preparation, but few sands are suitable without some treatment; 
this should, however, be as little as possible, otherwiset the cost 
of preparation may bj prohibitive. Quito apart from the cost, 
unnecessary treiitmont of the sand is objectionable, as it tends to 
separate one or more grades and to (ause an indefinite amount 
of segregation, with the n^ult that the uniformity of texture 
Ijossessed by the material is to some extent destroyed. For this 
n^ason, if a sand has been subjected to any con.siderable amount 
of treatment, it .should be thoroughly mixed before it is used for 
concrete. The mixing which the various materials forming the 
eoncretc undergo is not suftieiently thorough for some treated 
or “ compounded ” .sands. 

Crushing. - Where the sand is in the form of a rock it must 
be (^rushed or ground, as de.scribed in Vol. I. p. 346, to reduce it 
to grains of suitable size. The co-st of grinding is sometimes very 
high. 

Washing .—Sands for making concrete must be washed if they 
are not .sufficiently clean or if they contain too large a proportion 
of fine material. Various methods of washing may be employed, 
according to the amount of sand to be treated. Where only a 
.small quantity of concrete is made, a simple trough washer (I. 38.5) 
i.s quite sufficient, but for larger quantities of sand a rotary sand 
washer (I. 389) or one of the various machines mentioned in 
Vol. I. pp. 38.5-400 .should be employed. 

Ora/ling .—In order to produce good concrete th(! .sand .should 
consist of particles of various sizes so as to contain only a small 
proportion of voids. The percentage of voids most suitable for 
concrete sands is between 23 and 40 per cent. If a sand naturally 
contains the various sizes of grains in suitable proportions, or if 
a mixed sand is used which conforms to these requirements, it is 
clearly unnecessary to .sift or grade the sand, and many builders 
and eontractors do not even trouble to test the sand in order to 
know whether it requires grading. For rough mass concrete, it 
is often sufficient to use the sand “ as it rjme.s,” but for feinforced 
concrete and for special moulded work a careful grading is desirable. 
Where it is pecessary one of the appliances mentioned in Vol. I. pp. 
441-468 should be employed. For large quantities of sand a series 
of rotary screens (I. 456) is very satisfactory for separating the 
sand into various grades. The most suitable grades are then mixed 
in the right proportions, other sands being added if required. 
The grades and proportions must larg3ly depend on the particular 
purpose for which the concrete is required, but they may bo judged 
in general terms from the information given on pp. 32-39. 

Testing Sand (or Concrete. —The principal tests to be applied 
to the sand arc giten below. It is most important that all sand 
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should be tested before use in concrete, as otherwise inexplieakle 
variation#in the quality of the concrete may oceuj/ 

1. Microscopical examination, including a re|l)rt on the sUftpo 

and sizes of the particles (I. 241). • • * 

2. A grading or screening test showj^ig the proportion of sand 

in each dl the principal sizes of grains, or plotted on a gra|m-shcet 
as in Eig. 12 (Vol. I. p. 216), • 

3. A cleanness test, such as that devised by Abrams and 
Hayier and described in Vol. I. p. 244, is sjieeiaily suitable for 
testing concrete san<ls, and has already beim largely adopted in 
America on account of its simplicity and the fai^t that no expensive 
apparatus is necessary. 

4. A determination of the proportion of voids, determined as 
deseribed in Vol. I. p. 261. 

5. The weight pei- eu. ft. or the oijuivalent voluim^ - weight. 
This is determined as de.scrib(sl in Vol. I. p. 259. 

6. The tensile strength of a mixture of standard Portland 
cement and the sand to bo tested in various proportions. In 
American specifications tln^ tensile strength of a 1 : 3 mixture of 
cement and the sand to be tiisted should he at lea.st 75 per cent 
of the strength of a similar mixture of cement and a standard 
sand. In this country, that portion of Wgliton Buzzard sand 
is taken as standard whiidi passes completely through a 20-mesh 
si(^ve. but is retained on a 30-mesh sieve. 

In s|)e(n'al (tases a ehemi<!al analysis or other physical or chemical 
tc.sts may be required, but this is unusual. 

Further information on concrete will be found in the author's 
Cement, Concrete, and Bricks (Constable), and in numeious other 
works dealing with concrete. 
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CHAFl’KK III 

THE USE OF SANDS IN CEMENTS AND MORTARS 

Cemknts and mortars comprise, a clas.s of substances which, when 
mixetl with water, are more or le.s.s plastic and eonsi.st of a binding 
material witli or without an inert material or filler. The tfirnis 
‘ cement ” and mortar ” are, however, so loos(!ly applied in 
industry that it is, in some cases, very diflieult to discriminate 
between them. Some “ cements,” for example, consist wholly 
of a binding agent, whilst others contain a considerable proportion 
of inert filler. Plasters are sometimes so like mortars that they 
can scarcely bo distingui.shed, and mortars vary so greatly in their 
properties that some of them might conceivably be termed cements 
or 73lasters. For the pnwiuit purpose, however, it is convenient 
to regard Portland cement as typical of the cements used in con¬ 
nection with sand, ordinary building mortar as a typical ‘‘ mortar,” 
and the pla.sters as typified by jjlaster of Paris. Such materials 
are used for fastening together stones and bricks, chiefly in the 
construction of buildings, bridges, etc., or for covering walls and 
ceilings. 

Cements u.scd in connection with sand may be divided into the 
eight following groups: 

Various mixtures of Porlhml cement awl sawl, which are more 
fully described under “ cement mortars ” (p.«43), though a mixture 
of 1 part of Portland cement with 1, 2, or 3 jiarts of fine sand well 
ground together is sometimes sold as sawl cement. The statement 
is sometimes made that this sand cement is equally arf strong as 
Portland cement and much chcajier ; such a statement is only 
true provid/)d the cement is to bo used neat. 

The effect of adding fine sand to sand cement is shown in 
Table XVIII., due to Smith. 

Other cements which contain sand or its equivalent as an 
e.ssential ingredient include— 

Borax elements in which borax is mixed with fine sand or other 
inert material. 

Cement grout is a watery mixture of Portland comenlj and sand. 

Dental cements, which consist of fine sand, powdered glass, or 
other inert materhll mixed with zinc oxide, borax, and zinc chloride. 
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Tari.e XVni. —Tknsile and Compressive Strenotii (JP Sand Cements 


Brand . ' . 

A. 

H. 


cement comijosed of . . . | 

1 e<*n^nt 

I Sfind 

1 e(*ment 

I san<l 

1 ccmenl. 
0 sand 

KinenesH passing JOl) mesh . • . 

!)0-8 

O'J-4 

Hit-7 

• ,, 120 mesh .... 


01)-3 

y8-4 

„ 180 mesh .... 

00-3 



Neat sand cement; ttinsion 1 wook . 

xrz 



,, 4 weeks 

475 



„ 4 months 


810 

340 

,, 0 months 


780 

540 

„ compression 4 weeks 

3837 



Sand 2, sand ctmiout 1 : U'lision 1 wt'ck . 



300 

,, 2 wet.'ks 



370 

„ compression 1 wet'k . 



2800 

Sand cement 1, sand 2 : tonsion 1 week . 



184 

„ 2 weeks 



215 

„ compression 1 week . 



1225 

Sand cornent 1, sand 3 : tonsion 1 w’eok . 

! 3.5 

180 


„ 2 weeks 


201 


,, 4 weeks 

14*1 



,, 2 niontlis 

135 



,, ooiTipresslon 1 week . 

470 

000 


,, 4 weeks 

087 




The sand, whieh sliimld Ixi white and very fine, acts merely as a 
filler. 

Kieselgithr cement, whieh eonsi.sts of a mixture of kieselguhr 
and molten paraffin wax, whieh is used for cementing acid-proof 
bricks. 

Jycxul cements, which eonsist of a mixture of sand or other inert 
material, with w'hiti^ lead or litharge, lime, or plaster of Paris, and 
limseed oil. The sand jnerely acts as a diluent or filler, enabling 
less of the white lead ’to be used than would otherwise be the ease. 

Oxychloride, cements, which consist of mixtures of sand or other 
inert matiwial and magnesium oxychloride, jjr^duced by mixing 
magnesia and syrupy mfignesium chloride. The sand is in this 
case merely a filler, which is used on account of its cheapness. 
The finer and whiter the sand the better will it servo ite purpose. 

Refractory cements, whieh are u.sed for lining furnaces subjected 
to a high temperature. They are described in Chapter VII. 

Mixtures of cement and sand whieh are used for coating brick¬ 
work are classed as pla.sters to avoid confusion. 

Mortars may bo divided *into the following classes, depending 
on the materials used in their preparation : 

Lime mortars, whieh consist of a suitable mixture of lime and 
sand in proportions usually varying from 1 : 2 t^ 1 : 4. 

Lime-eemfnt mortar, which consists of a mixture of lime, 
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Portland cement, and wand, the lime being added chiefly for the 
purpose of makmg the moitar more plastic and easier to* use. 

, * Chy nwrtaA, which usually consist of a mixture of fireclay 
and sand' or brick-dust; they are chiefly u.sed for laying brickwork 
in fuiyiaces and kilns t>cc Chapter VII.), btit are occasionally 
employed where brickwork is of a tcmjMwary natdre, as in 
exhibitions, etc. ‘ 

Trass mortars, which contain, in addition to lime and sand, 
a proportion of trass. They may be regarded as lime mc^rtars 
in which trass replaces part of the sand (1. 165). The proportions 
arc usually from lime 1, trass 1 ], sand I , to lime 1, trass 1 1 , sand 3-4. 
In some (lases litne and trass are u.sed without the addition of sand 
in the proportions of 1 : 1| to 1 : l|. Where such mixtures are 
omjiloyr^d satisfactorily it Avill generally be found that the lime 
and trass or pozzuolana are impure and contain a suffleient quantity 
of sand or other inert material to render further additions un¬ 
necessary. Where! the lime is pure and the trass is linely ground 
the addition of sand is generally necessary. In Holland and 
Belgium, mixtures of sand, trass, and lime are largely used for im¬ 
portant work. The best proportions (as suggested above) are those 
in which there is sufficient trass to combine with the lime to form a 
calcium silicate analogous to cem(!nt, and so form a much strong(!r 
material than when the sand is omitted (see p. 25). A mixture of 
trass and lime, without any sand, is still used to some extent, 
though it is rather uneconomical, as the cost is much greater than 
when sand is added, and the excess of trass over and above that 
required to combine with th(! lime is quite inert and may be satis¬ 
factorily r(!placed by sand. Calcined clay may re[)lace the trass. 

Pozzuolana mortars are the same as trass mortars, except that 
poz/aiolana rejilaciw the trass. 

The chief purposes .served by the sand used in tiiortars are— 
(i.) to act as a diluent and so prevent it from cracking, and (ii.) to 
bring the irr(!gular .surfaces of the bricks, stones, or other articles 
which are to bo united into contact with the binding agent and 
indirectly with each other. For instance, K an attempt were to 
be made to unite two bricks by mcams of a plastic clay, it would 
usually be neces.sqry to have a much larger layer of the (!l^.y between 
the bricks, as otherwi.se they could not bb properly united, as their 
surfaces are too irregular and the clay, as it dried, would slwink 
and crack. < This slirinkag(!, with eventual (!racking of the material, 
if it is sufficiently free to do so, is a characteristic of moat colloidal 
gels, including many cements and glues as well as various plastic 
substances. It is a serious objection to the use of all such materials 
except in the form of thin films, when the maximum adhesiveness 
is obtained with a minimum of erafiking. As the use of only a 
single thin film of cement is impracticable in many branches of 
the building trade (it is, of course, used in carpentry and joinery, 
where' pieces of wcjjrd arc glued together) the difficulty is overcome 
by mixing sand with thd binding agent in such proportions that 
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the grains sand occupy the bulk of the space between the ])artieie.s 
to be united and leave only a series of small interijticos to bo fifljal 
with “ films ’’ of binding uiaterial. SmJi a use of sand as a “ i^ler ’» 
enables the best possible use to be made of the binding agent, 
such as litne or Portland cement; the saiui is, therefore, an esBential 
constituent of the mortar and not merely an ^ululterant. 

Sand in mortar has a furthc^r l)(meii(aal (effect, inastnueh as it 
regulates the hardening of ^le cement or mortar. This hardening 
is dije, in the ease of cements, to a eombiuation of the cement 
with water, and in the ea.se of lime mortar, to a combination of 
the lime with carbon dioxide in the air. Tlu^ sp<ssl of the reaction 
is the determining factor in the l■(^sultant hardiiess of the mortar. 
It is most important that the reaction shoidd toke (ihuai very 
slowly if a hard mass Is to lx; produced. In the ease of mortars 
containing fat lime and hardening by the absoi ption of (carbon 
dioxide from the atmosph(ne by th(! lime, th(^ ])ores of the lime 
are so small that the hardening proceeds very slowly with neat lime, 
as it is difficult for the carbon dioxide to jK-netrate into tlu^ interior. 
When sand is added, however, thc^ mass is “ opened up " and the 
pores are enlarged, so that the gas has free acc(‘ss ; (nnsecpumtly, 
sand facilitates the hardenitig of such mortar. The strength of 
the moitar deptmds partly on the proportion of sand present, and 
this must be suifesl to the nature of the binding material used. 
An excess of sand is undesirable in any mmtar, as it reduces the 
(•oh(!sion of the particles and .so weakens the mortar. The most 
suitable proportion of sand must be found by trial and adjasted 
so as to give a mortar which is as hard and as strong as po.s.sible. 

The effect of the propoition of sand used in cement mortars 
on the strength of the mortar is shown on pp. .'ll-3D. Tlus corre- 
s])onding elfeet of sand on lime moi tar is shown in Table XIX., 
due to Sabin. 


Tablk XJX.- Kffkct of Sanp on^ Fat Limio in Moktars 


t'urtH by Weiaht.. 

Kitnl of SiUKl. 

Aiiv. 

Averum' 'IViislIc 
Sfritntrtlj, lb. iKir 
st|. in. 

liitnc. 

Sarnl. 

] 

.3 

r 

U.S.A. StniuUird 

28 (lays 

46 

1 

B 


62 

1 

H-'i 



47 

1 

11-8 



00 

1 

17-7 



20 

I 

B 

Screonctl 20-40 luesli 

20 days 

51 

1 

8-8 


64 

1 

11-8 



56 

1 

17-7- 

< 
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It will be seen that up to a certain point an increase in the 
proportion of sjnd gives a stronger mortar* but if an excess of sand 
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is used the strength is greatly reduced. Tn hydraujie limes a 
(^(jptain amount/if inert matter occurs in the lime, so that a smaller 
•propprtion of saind is required before the mortar is reduced in 
strength. The effect of sand upon the strength of hydraulic lime 
is shorrn in Table XX., duo to Orant. 


Tablk XX. —[Itrungth of [Iydraot.ic Limk Mortars 


of 

Morlur. 

1 lliiu* 

fiiitKi. 

1 

4 

L liiiii' 

f) Kund. 

1 linio 

0 sand. 

Dry. 

WrI.. 

Dry. 


Dry. 

Wet. 

Dry. 

Wet. 


111 . 

III. 

lb. 

lb. 

lb. 

Ib. 

lb. 

lb. 

Limo A 

TiO 

08 

44 

57 

30 

45 

21 

28 

Lime B . 

48 

95 

49 

59 

32 

47 

23 

27 

Lit no C 

■40 

81 


01 

21. 

4( 

l.S 

34 

Average . 

40 

81 

40 

59 

28 

45 

21 

30 


The dry .samples were kept in air one year Ixffore testing, whilst 
the wet samples were kept under water for a corresponding ])eriod. 
Ea(^h rosidt is the averages stresngth shown by five tessts. 

Selenitic limes mixed with sand produce! meich stronger mortars 
than ordinary limes, but an ineereetse in the proportion e)f sanel 
decreases the strength as with orelinary limes, as shown in Table.s 
XXI. and XXII., due; to Grant. The wet and dry sampleis were kept 
fe)r one year in water and air res(K'ctively befeere te.sting, the 
strengths given beeing the average e)f five tests on eeich mixture. 


TaBI.R XXt. -Tl'’.NSII.li STRK.NeiTH OF Sni.KNITIC [UMR 






rcnHlIe 

strength,Ib, pi 

r 8 ( 1 . in 





1 liiiu' 

■i R-i(id. 

1 lime 

-J .Sflixl. 

1 lime 

.5 sand. 

1 lime 

fisnnd. 



Dry. 

Wet. 

Dry. 

S\vt 

Dry. 

Wet. 

Dry. 

Wet. 

A. 

(iray lim(). not 










aelcnitie 

50 

08 

44 

r ,57 

30 

45 

^ 21 

28 

At. 

Oray lime,seloniMf! 

128 

141 

05 

139 

55 

87 

40 

05 

B. 

Lias lirne» not 










selenitic 

48 

95 

49 

59 

32 

47 

23 

27 

BI. 

Lias limo, solffnitic 

79 

f3f 

63 

99 

44 

72 

52 

80 

C. 

Selenitic limo 

123 

148 

80 

129 

72 

83 

58 

74 

D. 

Selenitic lime 










(Rugby) . 

Of 

fSf 

59 

102 

33 

77 

29 

86 

E. 

Selenitic lime 










(Aberthaw) 

t28 

204 

03 

147 

71 

123 


76 


The effect of jand on mortars may also be expressed in terms 
of adhesiveness; the greater the proportion of ^nd the less is 
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Taulk XXTl.- -CoMPREs.sivK STKKNdTir OK Ski.k|^ith; Limb 




(.'oiiinrosnive Stroiisitti, lit. per s<|. in. 

1 liiiK' :0 siiiid. 

1 Jiiia ■: H .sand. 

I linie: 10 sand. 

A. 

(tray lime, not .sdoriitic*. 

151) 

72 

81 

Mf 

(tray Hrne, solenilir 

281) 

IM) 

127 

B. 

Lla.s lime, not seleiiitie . 

178 

172 

171) 

HI. 

Lia-s lime, selenit ie . 

258 

505 

151) 

C. 

Selenitic lime . 

414 

2:11) 

210 

1). 

Selenitic lime (Hu^Ly) . 

577 

555 

520 

K. 

Selenitic lime (Aborthaw) 

5:i() 

550 

250 


tlio t(‘riacity with wliich the mortar adheres to the surfa(^e8 to b(! 
unitod. Tiio reduction in adlicsiveiuws caused by inerciising th(! 
pro])oi'tion of sand used in mortars is shown in Table XXlll., duo 
to Hodgson. 


Table XXJIf. Kkfkot of Sand on Adhksivknkss ok Moktak 


Mixture. 

i*rui)(irtiiins. 

l''or<-(‘ rcciniridl to hrenk 
apiirt. two ilrirks crinr-nO-d 

Jdine 

Siind. 

wiMi l.ini<‘ MfirUir iifliT 




liH J)iiy». 

Fa|. limo and Hand 

1 

5 

4n lb. |>er .sq. in. 

Lia.s limo ami Hand 

1 

5 


ijias lime and saml 

1 

4 

(!i „ 

Portland cement ami sand 

1 

4 

25 ., 

Portland cement and sand 

1 

0 

lAJ „ 


Sources of Sand for Cements and Mortars.- Almost any kind 
of sand can lu? used sati.sfactorily if its grains are sidliciently angular 
and if the sand does not (iontain too much clayey matter. 

Sand from river beds is generally |iicfcrred, as it is usually free 
from elay, though sand^rom tidal rivers is often objectionable 
Irecauso the grains are too rounded. Where river sand is too 
costly, pit sand, blown .siind, and even rock dust are often used 
for making mortars. TJiey are inferior to river saneP when they 
contain a comparatively large proportion of matter so fine as to 
pass a 200-mesh sieve” and this should prehwably be remov<!d 
before the sand is used if sufficient of it is present to prevent the 
adhesion of the binding material to tins s.and and impede the 
hardening of the mortar. It is usually more economical to pay 
a rather high price to secure a good natural sand than to use a 
cheater one which requires washing. 

Sand from the seashore is seldom suitaMe for mortars, im 
the grains ar# so smooth and rounded that they ^ do not permit 
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sufflciont adhei^ion of the cement or lime. The soluble sjilt present 
in>Sea sand is al^) objectionable (I. 156). 

“ Q!ii(4i;iand, which consists of highly rounded grains, should 
never be u.sod for mortar-making, as it tends to settle to the bottom 
of the' niortar after mixing and produces a non-homogcijeous mass 
which is very weak anti unsatisfactory. 

The sands stated on pp. 2S-26 lus being suitable for concrete are, 
without exception, equally suitable for mortar, but, in addition, 
sands which contain not more than 25 per cent of material passing 
through a .50-mosh sieve but remaining on an 8()-mosh sieve may 
be used for mortar, especially for structures where a very strong 
mortar is unnecessary. 

Sands for Cements and Mortars. -The Ircst sands for u.sc in 
cements and mortars are practically the same as for the 6no 
aggregate in concrete^. In fact, the fine aggregate and cement 
in concrete really form a cement mortar, and the reader should 
refer to pp. 31-40 for further information as to its jwoperties and 
treatment. 

The chemical composition of the inert material used for cements 
and mortars and plasters is not usually of gnvit importance, where 
an ordinary siliceous sand is used, and in some instances calcareous 
sands (1. 86) are quite satisfactory. If the physical projxw- 
ties of the sand ani suitable, and the proportion of impurities is 
not excessive, a detailed consideration of the clumiical composi¬ 
tion is seldom nece.ssary. Tlus pos.sible ingredients (other than 
quartz) which may require attention inchule the following : 

Colloidal silica is always desirable in a sand to be used for 
concrete, cement, or mortar, as it forms a calcium silicate and so 
increases the strength of the mortar. It is, however, very diiikudt 
to control or increase the proportion of colloidal matter present, 
and in most cases no attention is paid to it. Where rocks are 
crushed to fortn sand, it is desirable, to select a sandstone which 
contains colloidal silica as a rock cement. 

The presence of soluble, salts is very undesirable in sands used 
for making mortar, on account of the efflorescence oi' scum caused 
on drying. The water containing the salts travels to the .surface 
during the drying of the mortar and is evaporated, leaving a layer 
of white furry matter on the surface. ’Much of the efflorescence 
found on brick walls is not due to soluble salts in the bricks, as is 
often suggelited, but to those in the mortar, which have been absorbed 
by the bricks and have afterwards risen to their surface. 

In countries where cement mortar has to be used during periods 
of intense frost, common salt is sometimes added to lower the 
freezing-point of the water until the piortar has had time to harden 
and so prisvent disintegration of the joints in the structural work. 
This enables the building to bo continued under conditions where 
it would otherwise bo impossible, but it is not desirable under 
ordinary conditions. 

Clayey matter, siU, etc., are objectionable in comer ts and mortars 
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as they tegd to coat the grains of sand and prevent the lime or 
cement from coming into sufficiently close contji’et with theyi, 
thus retarding the stdting and liardening of the mass. 14 tL» 
sand contains less than 5 i)er vent of material passing through 
a 2()0-mes|i sieve, this ja’oportion is not» very serious, buti if an 
appreciably larger quantity is present, the sjind should be washed 
prior to use. Some authorities claim that a little clay is useful 
in mortar, ju.st as it somelymes is useful in (nn(;rete (see p. 27), 
whilst W. T. Dibdcn stated that clay is objectionable in mortars 
made with white chalk or greystono limis but that it markedly 
im])rovos mortars made with blue lias lime. It is difficult to 
mulorstand how this can be the case with raw clay ; if the clay had 
been calcined its advantage is obvious, as it then forms an artificial 
trass (1. lO/i). W. T. Dibdcn has found that the moitar used 
in eomstructing Lemdon Wall contained 19-5 ])er cent of clean, 
ferruginous clay ; samplers of mortar from Allington ('astle, built in 
the early thirteenth century, contain 8 0, 3 06, and 4 iscr cent of 
ferruginous clay. This great variation in the proportion of clay 
suggests that its presemee was accidental rather than intentional. 

in sands which contain little or no fine material a small pro¬ 
portion of lean clay, or preferably silt, is .sometimes an advantage, 
as it acts as a fine; sand and fills interstices. 'I’hus, a mixture of 
1 volume of greystone lime and .O volumes of Standard sand tested 
by W. T. Dibdcn had a cru.shing strength of 42 lb. ])er sq. in., 
W'hilst w'ith per cent of clay it was increased to 183 lb. per sq. in., 
and with 2 volumes of sand and 10 per camt of clay the cru.shing 
strength w'as 223 lb. |)er sq. in. For further inforniation on the 
aedion of clay in mixturccs of sand and cement see pp. 27-30. 

Mica and fehjMr should not be pre.seut in sands used for mortar, 
the former being specially objectionable (p. 30). 

Trass (T. Ifili) or pozziwlana (I. 130) or lightly calcined clay 
(I. 136), is a very useful addition to mortars in place of part of the 
sand, as it caembines with free lime apd water, and the comjKnind, 
having hydraulic qualities, begins to harden almost immediately 
and produces a harder and stronger mortar. The addition of 
one of these materials has a further advantage, as in jdain mortar 
the hardening only occuri^ at the surface!, wherars when a small 
proportion of poz/.uolana, trass, or calcined clay is jrresent, the 
mortar hardens throughout. As is well known, the hardening of 
ordinary mortar is due t<i the reaction of carbon dioxide on the 
lime, and if the mortar is dense it is very difficult for the action 
to occur in the centre of the mortar. trass, pozzuolana, or 
calcined clay, however, hardens independently of the air, as its 
hardening depends on a chemical reaction between it and the lime 
and water present, hard durable silicates Ixjing formed, whereas 
ordinary lime mortar chiefly hardens by the formation of carbonates. 
By this means, the hardening of mortar is rendered partly 
independent of the air, though the trass or its (tpiivalent hardens 
more slowly tljan the surface of ordinary mortar. When mixing 

VOL, II 
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mortar,s, the trass, pozzuolana, or calcined clay should) be added 
to the dry ccnvint or lime, mixed thoroughly in a dry state and 
ihis uiixtnre added to the sand, the water being added last. 

For further details on the purpose and use of trass, pozzuolana, 
and calcined clay in mortar, see Vol. I. p. 13(5. 

(tronrut ciiulers aro sometimes employe<l as a cheap suhstitute 
for sand, but they have the great disadvantage of introducing 
soluble salts into the mortar; these, on diying, ap|X!ar as scum on 
the surface of the w'ork and render it unsightly (I. 193). •The 
lime and soluble salts in ashes make them undesirable in cement 
mortars, as they affect the .setting time of the cement and also 
alter the proportion of binder to inert material, so that the properties 
of the mixtiu’e are not under proper control. The lime may also 
cause flaking after the cement has begun to set. 

Brick-dust, when added in small ])roportion to a lime )nortar, 
aids the hardening and tends to prevent the disintegration of the 
material. Its action is similar to th.at of trass (I. 1(55). A good 
mixture is 1 jiart of brick-dust, 2 ])arts of sand, 1 part of lime. 3’he 
dust should be obtained fiom under-burned bricks. 

BUiiw-diist and fine screenings may be used to rejjlacc part of 
the sand in mortar and may be (juite satisfactory (see also p. 24). 

They are .s|)ecially u.scful for mortars made with Portland 
cement and by their use the strength of the mortar may sometimes 
be incieased by as much as 55 jier cent. 

Marhle-dust is sometimes used to replace part of the sand in 
making very fine joints. 

The shape of the particles of sand in cements and mortars is 
not so important as is sometimes supposed. It is commonly 
stated that the grains shoidd 1 hi sharj) and angular, but this must 
not be taken as a hard-and-fast rule, as other considerations may 
rightly influence the choice of a sand. Thus, a sand comj)osed 
of somewhat rounded, but very cleati grains, may be preferable 
to one which has more angrdar grains but contains much “ dirt ” 
or clayey matter. Mortars made with sharp sand have a greater 
tensik! strength than tho.se made with rounded grains, but many 
of the laths’ have a greater compressive strength if the grains 
are not too smooth (I. 225). ^ > 

For use in mortar, the grains of sand should preferably have 
a roughened surface, as this aids the adhesion of the cement or 
lime and it is most essential that the mortar should form a well- 
bonded, homogeneous mass, or it will crumble to dust or be washed 
out of the joints by the weather. 

The size of the particles of sand or other inert matter in a 
mortar .should dejxaid on the purpose for which the mortar is to 
be used, but in most cases the grains should be fairly coarse. Sands 
composed chiefly of grains smaller than 60-mesh .should not be 
used for mortars, as such fine sands form “ dry ” inortars which 
do not adhere wt.ll to the stones or bricks they are intended to 
unite. This is particularly the case with fine saads containing 
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soft limesipne and shells. Whore the joints are to be very thir 
and close, however, a finer sand may ho nsed than is de.sirahh 
for wider joints, and in the best ashlar ma-sonry the tiinjst .4iar]) 
grained sand obtainabh; sho>ild la; used, as there are only vtT) 
small eav^ies to fill up and the very tldnnest possible joidts ai( 
required. In relatively largo masses of mor<:ar, such as may occui 
in rubble work, small gi'avel or cnished stone should be used ir 
addition to the sand, so uy to break up the large spaces rvliicli 
would otherwise have to be filled with mortar. 

A coarse sand has the advantage of allowing the carbon dioxide 
in the atm()S])hcre to (Miuetrate fairly readily into thi^ interior of 
the mortar and so facilitate the hardening pro(^css. 

The effect of using grains of sands of various sizes is shown in 
Table XXIV. by Sabin. 


Taiich XXt\^ -TCfckct of (iKAiN-.si7.K (IN TiiK Sthhnoth of Ij.mk Moiitaks 


i'iirts l»y 

l.iifH'. 

Wriixllt. 

Siuiii. 

Kiiiii ()!' 
S;u»l. 

Sizp of liniiiis. 

Xiiv of 
Mortiir. 

Avrr;at«*T(‘iisllo 

strvntfOi. 

11 ). iH'r )jij. in. 

1 

8-8 

Nalural 

I(l•nu‘s]l 

8 iiiontiis 

<57 

1 

8-8 

Standard 

„ 


82 

1 

8-8 

SfM’Ol'lUMi 



7t 

1 


Standard 

20-80 „ 


47 

I 

a 

Scrof'nod 

2(>-40 „ 


8(5 

1 

118 

Stun<lard 

20-80 .. 


47 

1 

11-8 

Scrnonafl 

2t>-40 „ 


88 


17-7 

.Standard 

20-80 „ 


8(5 

1 

17-7 

>S(irconc*d 

20-40 


8 !) 


It will be seen from Table XIX. that the grading has an important 
effect on the strength of the mortar. The sands which are regarded 
as “ standard ” when testing eements (i.e. those which consi.st of 
approximately uniform grains of 20-110 mesh) all |iroducc weaker 
mortars than sands having a greater range of grading, though 
the effect of grading is not so marked in mi.xtures containing a 
smaller prijportion of cement than is used in tesf irtg. 

Very minute grains, such as arc fmmd in fine powders, are 
generally undesirable in mortar if present in considerable propor¬ 
tions, as they do not sufficiently reduce the shrinkage of the nuxturo. 
Indeed, materials such as ground tra.ss and brick-dust form a plastic 
paste when mixed with water, and on drying the paste shrinks 
so much that it cracks undidy. A small quantity of fine powder 
may, however, be present with advantage, a.s it slightly increases 
the hydraulic content and facilitates the hardening of the mortar 
(p. 49). Trass, if present, must be in a very fine state of division, 
as its value depends on its intimate contact with the lime tised m 
preparing the mortar. It may therefore bo u.sc»l in place of the 
fine sand, the qp-called inert material in the mortar toen consisting 
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of suitable .proportions of coarse and medium sand and fine trass 
or other pozzuolf'nic material. 

■' under ordinary conditions, the sand used for mortar should 
be of the same grade {i.e. it should bo composed of grains of as 
many '^izes) as the sand lised for concrete, though for thin joints 
grains of the coarsest portion may be omitted. In other words, 
the grading of sands for cements and mortars should be such as 
to secure a minimum proportion of voids (p. 35). There are no 
grjulcs recognised as standards for mortar in this country, though 
most builders prefer a sand which leaves little or no residue on 
a 20-mesh sieve ; few of them take the trouble to separate the 
larger grains. A few purchasers of sand for use in mortar insist 
that it shall leave no residue on a sieve with holes in. in diameter 
(i.e. on an 8-mesh sieve) and for cement mortars and grouting 
it is quite usual to require the sand to pass completely through 
a 20-mesh sieve. 

If any standard were to bo generally acceptable to builders 
it would probably specify the following, which is in close agreement 
with the Specification of the American Society for Testing Materials ; 

10-mesh . . . No rofiiduo. 

20*mesh . . . Not more than 2d |)or cent rcHitliio. 

50*inoah . . . Not loss than d.') per cent nwiclue. 

Even for the cheapest work, the proportion of material passing 
through a 100-mesh sieve should never exceed 10 jxir cent of the 
total weight of the sand. 

In the United States it is customary to specify that the sand 
for cement grout should consist of clean sharj) grains, or of screenings 
of hard and d^irable rock or gravel. It should pass completely 
through a No. 12 sieve ; not more than 40 per cent should pass 
a No. .50 sieve, and not more than 6 per cent should pass a 
No. 100 sieve. The sand should be free from soft friable materials, 
shale, slate, and vegetable, or other organic matter, and it should 
not contain more than 5 per cent of material which will pass through 
a No. 200 sieve. 

The methods of grading sand are fully described in Vol. I. 
Chapter X. ‘ 

The grading of the sand grains is especially important where 
a water-tight mortar is desired, as in a badly graded sand the voids 
between the grains arc both large and too numerous, so that if 
there is not sufficient binding material (i.e. cement or lime) to 
fill them, the mortar will be permeable. In this respect, a sand 
composed of grains of uniform size is of small value, as it is the 
presence of grains of various sizes, the smaller filling the interstices 
between the larger ones, which makes an impermeable mortar, 
whether the sand as a whole is fine or coarse does not appreciably 
affect the impermeability of the mortar. 

The hardness bf the sand grains is generally much greater than 
is actually necessary, so that little difficulty is likekf to arise from 
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using too ^oft a sand, though this property may need attention 
in the ea^ of some non-siliceous substitutes for sand. 

Preparation of Sands for Cements and Mortars.—The sahds 
used for ordinary cements and mortars should not re(jSiire*mui*i 
treatment, as the cost of such propijfation would usujilly be 
prohibitive. 

Wiuhiruj (I. 384) is employed, where necessary, to clean the 
sands for use in cements and mortars, though even this simple 
process greatly increases tHh c^ost of the sand. 

Screening is very often necessary for sands to be u.sed for cements 
and for mortars, chiefly for the purpo.se of separating stones and 
gravel. In many small sand-pits an imiined scrticn (I. 451) is 
used, a common size Ixung (i ft. long and 21 in. wide, the screen 
being inclined at an angle of 4.')-70 degrees or mons. In some 
jiits, the screen is almost horizontal and is suspended from a frame ; 
the sand is thrown on to it and the screen is rap|)ed or shaken to 
aid in the separation. For larger (juantities, rotary screens (I. 450) 
are employed and when the sand has to be washed, the washing 
and screening are usually combined in one apparatus. 

Drying.— If the sand is damp it camiot be screened in its 
natural state and mast either be washed through the sieves (see 
Wet Screening, I. 309), or dried before it is screened. Suitable 
dryers are described in Vol. 1. p. 401, but as drying is expensive 
it is seldom used for sands requinid for mortar. 

Other Treatment^.- Joachim (Oer. Pal. 207,681, 1912) has 
patented the treatment of sand with hydrofluo.silicio acid in order 
to produce gelatinous silicic acid which improves the mortar in 
which such sand is u.sed, as the gelatinous .silica reacts rapidly 
with the lime present. Other Oerman patents have been granted 
for the u.se of fluorides for prodmang a rough surface on grains 
of sand. 

Testing Sands for Mortars.—The principal tests to lx; applied 
to sands for cements and mortars arr; practically the same as for 
sand to be used in concrete. The most important are : 

1. A cleanness tewt such as that described in Vol. I. p. 244. 

“ Dirt ” in sand for use in mortar is also readily recognised by stirring 
thi! sand^with water in a tall glass vessel and allowing the mixture 
to stand for twenty muAitos. Any material which has not settled 
in that time may usually be regarded as “ dirt,” though it may 
contain some of the finest grains of sand. • 

2. A grading te.st showing the pro])ortion of sand in each of 
the principal sizes of grains, or plotted on a graph-sheet as in 
Fig. 12 (I. 216). 

3. A microscopic examination to ascertain the shape and size 
of the grains (I. 241). 

4. The weight of the sand per cubic foot or the equivalent 
volume-weight, determined as descrilied in Vol. I. j). 259. 

5. A determination of the strength of tljo mixture of sand 
and binding material in various proportions (I. 265). 
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' 6. A choniical analysis (this may l>e necessary if the sand is 
to be used for v^ry high-class work) (I. 237). 

. ' Fpr special purposes it may bo desirable to make other tests, 
such as the tensile strength of a mixture of the sand with Portland 
cement, or to determine Wie percentage of soluble salts j)rcscnt. 



CHAPTEll IV 

THE USE OF SANDS IN PLASTERS 

The term “ Plast(!r ” includos a mmil)er of i)la.sti(! inatia ials which 
an? applied to the .surface of briek.s, sPmes, or wood in order to 
produce a moderately smooth and lev(?l sm-faee. 'I'hc? same term 
is al.so ap]died to .sul)stau(?es .such as plaster of Paris and to the 
various eements of analogous (!om[)osition which arcs us(?d without 
any admixture (oxe(<pt water) ; these arc outside the scope of tin? 
present ehapt(?r, which deals only with |)lasteis containing sand 
or (?nuival(?nt material. In this restriet<?d application of the t(?rm, 
a plaster is very similar to a mortar, though u.sed for an <‘ntirely 
diil(?rent purpose. Suih plasters include : 

(Je.rmnt planters, which are really eement mortars (]). 411) and 
consi.st of sand and Portland (?<?tnent. 

Lime plasters, which are really mortal's and consist of sand and 
lime. 

Plaskr of Paris plasters or (lypsmu plasters, in which eal(?ium 
sulpluite or plaster of Paris is us(?d insti'ad of linn?. This mi.xture 
is sometimes ternnid " white cement. ’ 

tStiam is a term used to designati? all external [ilaster work, 
either linn? or C(?ment plaster being used. It is also uscil to define 
some forms of internal ])lastering. Common stucco, u.sed for 
(?xt(?rnal work, g(?nerally consists of 1 part of hydraulic lime and 
.1 parts of sand. 

Sijraffito and Depeler are jilasters made with^ Portland oem(?nt 
and sand ni thi? proi)ortio» of 1 : 3. 

Hough cast or peLhle dashing is a |)la.ster or mortar made of 
lime, sand, grav(?l, and, where possibk?, hair. ^ 

As sueh plasters are required to cover large .areas and to retain 
their original appearance, it is necessary to pay s[iccial attention 
to the pro]X)rtions in which the vai'ious ingnidients an? mix(?d. 
Lack of adhesion and cracks in ceiling and wall jilastcrs are usually 
due to lack of care or skill In the i)re|)aration of the jilaster and 
particularly the use of (a) too small a projiortion of .sand, {l>) a 
sand containing too much tine material, and (c) too long an interval 
Iretween the mixing of the plastiir and its miplication---this is 
particularly the cause with cement plasters, whiemset rather quickly. 

65 
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SAND FOR PLASTERS 


Plasters such as those mentioned on p. 56 ar§, comiwsed 
osspntially of two kinds of materials, (a) a binding agent such as 
.Portland cement or lime, and (6) sand or other non-plastic material. 
The oind'ing agent when mixed with a suitable proportion of water 
usually forma a plastic ,paste which, in time, dries and forma a 
hard mass of smaller volume. This shrinkage is generallj' irregular, 
as the loss of water at the surface of the mass Ls naturally much 
more rapid than in the interior. The outer layers of the paste 
are quickly dried by being in contact with the atmosphere, and 
the contraction which takes place closes the pores in the exterior 
of the mass and prevents the loss of water from the interior, with 
the result that the exterior contracts on account of its loss of water, 
whilst the interior of the niiiss retains its original volume!. The 
result is the development of a pressure on the interior of the mass. 
As the centre can onl.y be compressed to a limited extent, the 
pressure of the exterior on the inteiior beeeomes .so great that the 
particles eompri.sing the former are unable to hold together, and th(! 
stress can only be relieved by some parts of the mas.s breaking away 
from the other parts and forming cracks. 

To avoid the development of the.se stresses and the resultant 
cracking and falling away of the plaster, a non-plastic material, 
such as sand, mu.st 1 m) mixed with the binding agent in such a pro¬ 
portion that the binding agent merely covers the particles of sand 
with a film of plastic paste, this film l)eing so thin that its surface 
tension and that of the sand are sufficiently strong to (msiire ample 
adhesion of the binder to the .sand and vice versa. If a powerfully 
adhesive binder is used, such as Portland cement, a very thin 
film around each grain of sand will sufficic, but with a weaker and 
more voluminous binder, such as lime, a thicker film is essential. 
The necessary thickness or thinness of this film is the chief factor 
which determines the relative proportions of binder and sand. 
Tt is obvious that if too little binder is used the grains of sand will 
not be sufficiently covered, and too large a proportion of sand 
will necessarily have the same effect. Precisely the same ])rinciplc 
is used in the manufacture of pottery, the plastic clay or binding 
agent being “ let down ” with flint, sand, or other non-plastic 
material, until all, risk of damage due to shrinkage is avojded. 

In some plasters, a binding agent is dsod which expands instead 
of shrinking, this expansion lx!ing the result of a chemical combina¬ 
tion of the, mass with water. This expansion, like the contraction, 
also tends to bo irregular and is liable to cause trouble unless pre¬ 
cautions are taken to add lime or other plastic material, or to adopt 
some other method of avoiding cracking or other defects. 

As the binding power of a sample of lime or cement varies as 
a result of slight variations in its mslnufacturc, the plasterer must 
test his materials very thoroughly or, as Ls more usual, he must 
work in the hope that the proportions in which ho mixes them will 
produce a satisfactory result. If he is fortunate, the cracking may 
not occur for several months after the ceiling or, other plaster 
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work has finished ; in a very bad case, the cracks may be 
observed Within a few weeks of the plaster being pliteed in position. 

From the foregoing statements, it will be realised that such 
plasters are really mortars of superfine quality ; they are Composed 
of the same ingredients (p. 43), and the ^’hief distiiietion between 
such plasftrs and mortars lies in the greatei' care and skill exercised 
in the seleetion and mixing of the materials. 

Sand and Plaster of Paris. —Plasters consisting prineij)ally of 
calcined gyp.sum (i.e. piaster of Paris) are sometimes tnixed with 
white sand of moderate fineness (2O-.50 mesh) so as to cheapen the 
material. In sneh mixtures, the sand sometimes provides channels 
for the crystallisation of the plaspjr of Paris, and the.se aid in 
iiuTcasing the s|xa'd of setting. Unfortunately, the presence of 
sand in association with jfiaster of Paris decieas(!s the stnuigth 
of the latter. 

Sources of Sand for Plasters.- -The sands which are suitable 
for use in plaster mu.st generally be white oi’ very ])ale in colour, 
.so that many of the sources of sand for mortar and concrete are 
not available for the plasterer’s rc(pnret>ients. For ordinary plaster 
work, highly siliceous sands aie almost wholly used, though for 
sfXicial work other sands and crushed rocks may be employed. 
Uommon sands, for example, may Ix) used quite* satisfactorily for 
rough-cast work. 

Kihxr sand is u.sed for cement-plasters whei-e a smooth surface 
with a fine texture and light colour is required. 

PU sands are largely used if tluiy are sulTu^iently pure and 
rcipiire little treatment, and river sands are also used to some 
extent (1. 104). When; river sand is u.se.d, it should preferably 
be obtained from a clear running .stream, as the sand is then more 
likely to be clean than if taken from a sluggish river. 

Nm sand' may bo used after Ix^ing well washed and (ixposed 
to the weather for about .six to nim* months, but in most na.ses 
a more suitable sand should be used, if it <*an be obtained. 

Sand for most of a plasterer’s work should be specified as “ fresh¬ 
water, river, or pit sand, free from earthy, loamy, or saline material, 
well screened and washed if nece.s.sary.” 

Crusiml felspar, roke-dnst, and pumice stom have been used 
in place of sand in specialWorms of plaster. 

Cmsketl spar, barytes, slag, ground glass, and brick-dust are u.sed 
in some eases in place of part of the sand. • 

Marble.-dust is u.sed in place of part of the .sand in “ marble- 
.setting stuff ” which forms a finishing coat to some plaster work. 
The marble-dust should be as coarse as the .sand. Marble-dust 
has also been used for finishing stucco since the time of the 
ancient Greeks and Romans ; the tatter used it at Ponijx-ii and 
Herculaneum. 

The chemical composition of sands for jilasters is more restricted 
than for mortars, as a purer sand is require<l. , Generally a fairly 
pure, siliceouj sand is employed, and where colour is important 
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t'he sand should be as free as possible from any coloure(| impurities, 
though there fs, seldom any need to insist on the sand having less 
• thar} any specified percentage of impurity as shown by chemical 
analysis. 

The presence of mufl, clay, or carbonaceous matter in sand 
used for plasters is very harmful and, if the jJastcr Is used for 
exterior work, causes its rapid disintegration (see also p. 48). 
For this reason it is desirable to remove from the sand all the 
particles small enough to pass through a 200-mesh sieve. This 
is best effected, if necessary, by washing the sand. 

Siliceous sands for making plaster should bt! perfectly free from 
soluble salts as these make the plaster difficult to dry, and the 
salt rising to the surface causes ‘‘ scumming,” which dis(!olours 
any wallpaper, paint, etc., placed on it and tends to render the walls 
permanently damp. Soluble salts in the sand may also cause the 
plaster to flake, especially if it is exposed to the action of the 
weather. For this r(^a.son sea sands should be avoid(!d on account 
of the soluble salts they contain (see also I. 1.5(1). 

The shape of the grains of sand uscsl for jdasters is of more 
iraportaiK^e than in mortars. For plasters a sharj) .sand is desirable, 
and for this reason some pit sands are generally preferable to some 
river sands, as they are more regular, but if thi'y contain any 
appreciable amount of loam or clayey matter they should be wa.slied 
before use. 

Some river sand is not really satisfactory, on account of the 
roundm^s of t,h<‘ grains ; it may be used for making white cements, 
internal partitions, and “ setting stuff,” where the roundness of 
the grains is not so serious a defect. 

't'he size of the grains of sand is not of great importance from 
the point of view of strength of the jdaster, though the siz<^ selected 
should bo regulated according to the nature of the jdaster desired. 
Fine sands must be used where a fine plastm' is recpiired, whiLst 
where a coarser jilastcr is required a (sirrespomlingly coarse sand 
may be used. For ” coarse stuff ” a coars(i sand is preferable, 
but the ” finishing coat ” should contain fine sand so as to give 
a smooth surface. For common stucco work, where a smooth 
surface is required, the sand should pass completely ^ through a 
12-mesh sieve. 

The sand used for jilasterer's putty .should be very fine, so as 
to give, a smooth paste, and for this rea.son only that which pas.ses 
through a 30-mesh sieve should be u.scd, so as to exclude any coarse 
particles. 

Fat limes arc generally best to mix with a fairly coarse sand, 
whilst hydraulic limes usually produce the be.st results when mixed 
with a fairly lino sand. It is not usually neces.sary to grade the 
sand carefully when it is to bo used in plaster, though a well-graded 
sand, with its largest and smallest particles within the limits 
mentioned above,cis .superior to a sand in which all the grains are 
of approximately the same size. 
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Tho in%khods of grading sand to iiiako it suitable for plaster 
work are described on p. 3o. 

Preparation of Sand lor Plasters. —The sand chiefly^use J by. 
plasterers is not usually prepared in any special manner, except 
that it is generally screened (I. 441) to sep)«rate the coarser pastieles. 
It may also require to be washed (I. 3S4) to remove clayey matter 
and “ dirt,” and some architects always specify the use oi' washccd 
sand. , 

In that case, the, wasliing and screening are usually combined 
as described in Vol. I. p. 3!)!). If screening is suffident without any 
washing, one of the screening devices described in Vol. I. p]). 441- 
41)8 should be used. 

Drying .—If it is necessary to dry the sand, one of the dryers 
mentioned in Vol. I. pp. 401-413 may bn used. 

Testing Sand for Plaster. —Thic primipal tests whicii may bec 
applied to sand to bo used for plasters are the same as those givcm 
for mortar sands at the end of ('hai)ter III. 



CHAPTER V 

THE USE OF SAND IN ROAD CONSTRUCTION 

Sands aro employed to a considerable extent in road construction, 
the principal uses being ; 

(o) The road surface itself (sand roads). 

(6) Mixed with other materials (sand-clay, gravel (macadam), 
concrete, and asphalt roads). 

(c) As a filler between blocks of dres.sed stone. 

(d) As a bedding or foundation for roads. 

Sand and Sand-olay Road.s 

Sand as a road-surfacing material is satisfactory when a little 
sand is merely sprinkled on the surface to prevent slipping. Por 
this purpose, the sand should be very hard, prcft^rably a siliceous 
sand, containing but little dust and practically no loam and clay. 
The grains should bo sharp and angular, and fairly line, though 
not excessively so. Where the surface of the road for a depth of 
several inches is made of sand, however, as in the so-called sand 
roads, it is generally very ba<l for traffii^ of all kinds, especially 
where the sand is pure and contains no binding material. Such 
roads are extremely dusty in dry weather, and are only moderately 
satisfactory when they are wet; conseciuently, for the greater 
part of the year, they are a source of dissatisfaction, sometimes 
being oven worse than muddy roads. Sand roads are never made 
nowadays, except in remote areas wh#re the ground is itself sand, 
the road in such cases being merely a levelled part of the tract 
of country. In such undeveloped districts the sand will be improved 
and the particles will bind together better if a suitable proportion 
of clay and loamy matter is added, and, for the same reason, a 
sand which naturally contains a little clay or loamy soil is preferable 
for sand roads to a sand which is perfectly clean. Sands which 
consist of angidar grains are also preferable to those with rounded 
grains, as the former interlock better and do not roll about so much. 
The presence of fine dust in the sand improves the surface of the 
road by decreasing the mobility of the sand ; it also increases 
the capillary attraction of the sand and diminishes the percolation 

00 
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of wiitor, s<|»that the roail retains its water much more easily and 
is, therefore, stronger and tnore satisfaetorv. A nta'd Avliolly eosi- 
posed of very fine sand is objectionable, however, as in wj,iidy„ 
weather the sand may drift like snow and spoil the silrfaee <)f 
adjacent hyid as well as rendering tlie ns»> of the road imjdoasatit 
and often almost impossible. 

When the sand is mixed with the materials used for making 
a road, the results are mm^h more satisfactory, as they combine 
the good (pialitles of both the sand and oth<‘r ingredients. Thus, 
in a road made of a mixture of elay and sand, tlio clay aids in binding 
together the particles of sand and thus overcomes to sonu! extent 
the di.sadvantages of the sand when used alone. Hence, roads 
made of a mixture of sand and elay are often quite .satisfactory 
in remote country districts where, the required materials can be 
obtained economically. On the other hand, .such roads are very 
muddy in wet weather. 

About 60-70 parts of sand to 30-40 parts of clay or soil usually 
gives the most satisfactory results, though equal parts of sand and 
loam sometimes produce a suitable road surface. The presence of 
an ex(s>ssivo quantity of sand is undesiiulile, as the surface of the 
road will not be sufiichaitly durable and will di.sint(!grate ra|)idly. 
Mixtures (iontaining less than 50 pi^r cent of sand are not u.sually 
satisfactory, as in hot weather the mixture (ends to shrink excessively 
and causes cracks in the road surface. The proportion of voids 
in the raw sand .should be about 30-40 per cent, so that about 
this quantity of elay is necessary to fill up all the interstices between 
the grains of sand. The proportions of sand and clay in a natural 
or artificial mixture may bo determined as described in Vol. I. p. 246. 

When the correct proportions of elay and sand are used (they 
vary with each sand and clay), the road surface will become slightly 
glazi^d and will off(w considerable re.sistanee to abrasion. The 
layer of sand and clay mixture should be at least 6-8 in. thi(^k in 
the centre, and 4-6 in. at the edges of the road. 

The .sand used for mixing with the clay for patching roads of 
this kind should be fairly pure and sili(!eous, micsi being the most 
objectionable impurity, so that no sand should bo used if a (sinsider- 
able propcfftion of this c(^stitucnt is present. -The sand should 
be as coarse as possible, and should be so graded that when mixed 
with the clay in the proportions 1 of clay to 2 of sand, it is practically 
impervious to water. The best results are obtained by the use 
of a sand containing 45-60 per (icnt of grains between 10- and 
60-mesh, this proportion consisting of equal j)arts of 10-20 mesh, 
20-40 mesh, and 40-60 mesh. 

Gkaveu and Macadam Roads 

Gravel and macadam roads consist of pebbles 2 in. diameter, 
the interstices of which arc filled with smallor»p(!bbles or stones 
and with 8and,or with a mixture of sand and elay. It is e.ssential 
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ill sueh roads that the various materials should bo welj^compacted 
tofrether, so that when the surface is rolled a good, strong road is 
produced. Badly compacted roads are very unsatisfactory, as 
wheels sink in and increase the tractive resistance. In addition, 
the surface is more permeable to watcT, rapidly softens, and ruts 
readily form. To produce a good gravel road it is therefore neces.sary 
to grade the gravel and sand in such a manner that each particle 
has the greatest possible contact with the particles around it. The 
sand grains should usually have their interstices Idled with some 
form of binder, such as clay or soil, so as to increase still further 
the impermeability of the road. The fine dust scraped from a 
road prior to repairing it is also useful, as it often has slightly 
hydraulic properties when wetted, and so helps still further to 
bind the particles of stone and .sand together. This additional 
binding action works more satisfactorily \vith an angular aggregate 
than when rounded pebbles are used. 

John McAdam, whose name will always be associated with 
roads of this type, used to recommend that little or no road dust 
should be added to the materials used for making or repairing 
a road ; on the contrary, he relied on the dust being produced by 
the crushing action of vehicular traffic on the surface of the road, 
tlu! dust so produced being rolled into the surface by succeeding 
vehicles. The use of Umestone as the aggregate' is an advantage 
in this respect, as it rapidly produeevs sufficient fine dust to bind 
the surface of the road in an effective maimer. 

The chemical composition of the sands u.scd in constructing 
gravel roads is not of great importance, provided that mica, slate, 
and other flaky materials are either absent or present in only small 
quantity. The. most suitable sand is composed almost wholly of 
silica in the form of quartz, but calcareous sands can be u.sed, 
though they are softer and, therefore, wear away rapidly. They 
have, however, the advantage that in wearing away they produce 
their own binder and so are ccraentiid into a solid and strong 
mass much more readily than is the case with highly siliceous 
materials. 

Fine, clean siliceous sands arc very satisfactory for forming 
road surfaces on account of their durability, but they must be 
supplied with some other binding material such as clay or soil, 
as they possess little binding quality of their own. An impure 
or clayey sand is more satisfactory than a purer sand, as, if clay 
is present in proportions not exceeding 20 per cent, it assists in 
binding together the coarser materials ; but larger proportions 
of clay are undesirable as they cause the roads to be more readily 
affected by frost. Ferruginous matter, when clay is also present, 
is very useful in the sands used for gravel roads, as it aids in con¬ 
solidating the surface of the roads, but iron compounds alone do 
not have any appreciable effect. Grains of sand which are coated 
with iron oxide and clay, or which contain clay ironstone (i.c. iron 
ore cemented by clay), have a great cementing power and are, 
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therefore, i^ry satisfactory. Such sands are cspeeially us(dul 
where a roller is not availabh?, or wlicn only a limited .supply ,of 
w’ater is obtainable for washing in the binder. Ijow-grade jion, 
ore is .sometime.s intentionally add<'d to a sand to pnltlucc ar, 
artificial mixture such as that imuitioned, above. The sand u.sed 
for gravel roads must usually bt^ obtained locally, as tlic cost 
of transporting it over a long distance would be prohibitive. 
Fortunately, as previously stehsd, almost any kind of sliaip sand 
can be used. * 

The sand used for filling tlio inbu-stiees between the coarser 
materials ofbm occurs in close asso<'iation with the latter. 

The shape of the graiiLs of sand used for gravel roarls is of great 
importanc(! where a durable .surface is recpiired. Sharp, angular 
sand particles are d(«irablo and form a more durable s\irfaec than 
rounded grains. 

The grading of the sand is also of great importance, though 
V(!rv little attention has Imioii paid to it. This is ))artly the residt 
of ignorance and jrartly due to a d(!sirc to avoid cixpense in making 
the road, though such apparisnt savings are often wasteful in the 
end. As explained in Cliapter TT., a wcll-gi'aded sand, consisting 
of grains of difTerent sizes, forms a much more imjKSvious mass 
than sand in which all the grains an? uniform in size. 

Unless the conditions are exceptional, the sand .should not 
contain more! than 20 |H-r (icnt of material which pas.ses through 
a 100-mesh sieve, as too large a proportion of very line particles 
tends to make the surface! of the road too soft to resist thi! traffic. 
When, for the sake of cheapne.ss, a sand containing an (excessive 
proportion of clayey matter is used, the result is a dirty and dusty 
road of low dnralfility. 

The method of grading sand for roads is the same as that 
des(!ribed on p. 3.5. 

The hardness of the sand used partly determines tlu! durability 
of the road. A siliceous sand (!om])oscd of almost pure quai'tz 
or made by grinding chert, trap, or similar rock, gives tlu! most 
durable road surface!. An artificial sand made by grinding lime¬ 
stone to dust is commotdy u.sed, but it is much softer and is, 
therefore, Ipss durable than^siliceous sand. 

Concrete Roads 

Uoncrete roads eon.si.st of an ordinary concrete aggregate and 
■sand, bound with Portland ceuumt to form a hard, strong rna.s.s. 
The sand used in the construction of .such roads should bo tlie same 
as for other forms of concrete and is fully described in Chapter 11., 
so that no further description is needed, though the following 
specification recommended by the National Canadian Conference 
on Concrete Road Building in 1916 is interesting ^ “ The fine aggre¬ 
gate shall bo natural sand or screenings from hard, tough, durable, 
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erushod rock or gravel, and shall consist of quartzite gr^jjfis or other 
equally hard ingtcrial graded from lino to coarse with the coarse 
..parfjicles [)rodominating. When di'y, the sand shall pass through a 
screen having four meshes pcir linear inch, not more than 2.') per cent 
of it shall pass throiigh a sieve having lifty meshes per linear inch, 
and not more than .T per cent of it shall ])ass through a sieve having 
one hundred meslies jicr linear inch. Tt shall not contain any 
vegetable or other deleterious matter^ nor more than 3 per cent 
by weight of elay or ‘ loam.’ Routine (ield tests shall be made 
on the tine aggregate as delivered. Jf more than .5 per cent of 
clay or loam by volume settles out after one hour's shaking in an 
excess of water, the material represented by the sample shall be 
held jiending laboratory tests. The tine aggregate shall be of such 
quality that mortar composed of one part of Portland cement 
and three parts of fine aggregate by weight, when made into 
briquettes, shall show a tensile strength (at seviui and twenty- 
eight days res|)eetively) eiiual to, or greater than, the briquettes 
eomjiosed of one part by weight of the same cement and three 
)>arte of standard Ottawa sand. The percentage of water used 
in making the briquettes of cement and tine aggregate shall be 
such as to produce a mortar of the same consistency as that of 
Ottawa sand briquettes of standard consistency.” 

A suggested specification issued by the Rritish Manufacturers 
of Portland cement is as follows : 

” No natural deposits of sand and grav(4 shall be u.sed without 
washing, screening, and grading to comply with the conditions 
hereinafter laid down. No aggregate shall be used M'hich is not 
hard and tough, or which is laminated and upon crushing breaks 
down into flat elongated particles. Soft or porous materials such 
as broken brick, breeze, etc., shall be prohibited. All aggregates 
shall be clean and free from clay, dust, vegetable, and othew foreign 
matter. Care shall be taken that the aggregate is not contaminated 
H'ith mud, etc., after delivery to the .site of the work. Sand or 
fine material shall all pass through a j -in. s<iuare opening, but 
not more than 10 per cent by weight shall pass through a sieve 
having fifty meshes per linear inch. The giwling from the maximum 
sizes shall be regular and no material shall b(! used whigh contains 
a large proportion of particles of approxfinately one size.” 

Concrete is also used as a base or foundation for brick roads. 
For that purpose the National Amcric.an Paving Brick Manu¬ 
facturers' Association requires that the sand or other fine aggregate 
“ shall consist of clean sand or screenings from hard, durable rock, 
gravel, or slag, free from soft friable material, shale, or slate, 
vegetable or other organic matter, and that it shall not contain 
clay or silt in exce.ss of 5 i)er cent by weight. The sand or fine 
aggregate shall pass completely through a screen having openings 
J in. in diameter and shall be uniformly graded.” 
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Bitumen-concrete Roads 

Bitumen-concrete roads consist of a base of I)roken stone (and^ 
a wearing surface composed of a concrete evith a bituminous cement 
binder. Tte^ sand used for mixing wiWi the coarse aggregate 
should have the same general properties as for ordinary concrete 
roads, but a jnuch smaller projwrtion—usually only 3-10 per cent— 
of sand is used. The grains^should ho moderately sharj). but they 
should not be cither excessively sharp or smooth and rounded. 


Sheet-asphaut Pavements 

Sheet-asphalt pavements eonsust of a foundation of concrete, 
macadam, or other suitable material covered with a binder course 
compo.s<!d of broken stone cemented by an asphaltic cement with 
or without the addition of sand. This is in turn covered by a 
wearing coat consisting of .sand, dust, and asphaltic cciinent. For 
the himliruj emme sand is not used, the finest grade of material 
consisting of ])articlcs varying from in. diameter. Dust is 
undesirable. The grains should be as haul iis possible and angular, 
as smooth or rounded grains render the road hiss durable. 

The weariru/ amt consists (diiefly of sand, uhicih should have 
th(i sami! propcifties as for concrete (p. 20). Sands from the 
Lower Greensand of Surrey and Bedford and Portlandian sand 
from Oxfordshire, have been used for this purpose. The presence 
of a little clay or soil is no disadvantage, as it acts as a liller and so 
help.s to lill the voids. It should not be (ircsent in more than 
small quantities, however, and it should not be sufficiently plastic 
to form a coating over the grains, or it will be likely, when passing 
through the heated mixer, to Iw burned on to the sand particles, 
and so prevent the asphaltic cement from adhering properly to 
the sand. 

Tlie grading of the sand (p. 35) is of great importance. Until 
very recently, little attention was paid to this, but it is now realised 
that adequate grading is essential to th(> production of a hard 
durable surface. A sand composed almost wholly of grains of a 
smgle size* will seldom 1'n.ve ideal working pi'opertuw without 
admixture, so that an artificial .sand must usually be prepared. 
Table XXV. shows what Richardson and Fori-est respectively 
regard as the ideal grading of sand for sheet-asphalt (lavememts. 
The sand used for a road subjected to heavy traffic is finer than 
that for light vehicles, because heavy traffic passing over coarse 
sand would soon fractm-e the large grains, leaving the fragments 
loose and in a state in which they would tend to grind together 
and also allow the entrance of rain-water, so that rapid de.struction 
of the road may occur. If, howev(!r, a fine sand is employed, 
fracture is less likely to occur and the surface material retains 
its strength and cohesion. 
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Table XXV.--Standard Gbadinos fob Sand fob ifecEr- 
ASPHALT Pavements 


• 

Taliilic 
Sieve >’(). 

Rloliardson’s Gmdiujrs. 

Kornisl.’s 

Grading, 

Grade of Sutul. 

Iileul for Heavy 
rruljle, jier eent, 

J^ennksible for 
Litflit Truffle, 
])iT cent. 

• 

Per cent. 

I Dust 

MO 

* 

(1 

0 

0 

iFino . . 1 

11)0 

so 

17 

17 

L’O 

' • 

20-70 

1 Medium . 11 

aU 1 

40 

.70 j 

l.’i 

1 

V.i 

Xot over 40 

/ Coai'sv . J 

;io 1 

10 J 


/ 

M / 

/ 


/ 

1 \ 

10 / 


:io 

20-70 / 

j Vory roarse . | 

.s 1 

L 

” J 

0 Not over 10 


The filler which is used to occupy the iuteisticcs [)ctwccn the 
sand grains so as to leave as low a pro])Oition of voids as possible 
and, therefore, to econoiiiisc in tlu; anioiuit of cctiient required, 
usually consists of a fine satid produced hy crushing limestone 
to a flour-like ))owdcr. Portlund cenient is also used, though 
less frequently, and is very satisfactory for heavy trallic or where 
the roadway is often wet. V\’hatev(U' type of liller is employed, 
it is e.sseutial that it should hav(^ a large volume-weight (1. 222), 
as the greater tlu^ weight |K‘r eidiii^ foot the greater will Ijo the 
density of the surface of the roadway. At least (iO per cent, and 
preferably 7o per cent, of the liller .should pass through a 20()-mesh 
sieve. 

The iniut. material of the wearing coat (eoiisisting of sand and 
tiller) should contain 10-20 per cent of maUuial w'hieh will pa.ss 
through a 200-mesh siev(^ Where the asphalt itself contains line 
inert matter, this must Ix) taken into consideration ; for instance, 
Trinidad asphalt contains about 44 per cent of such material. 

An e.xcess of fine dust in the sand used for asphaltic roadways 
and pavements is v(;ry unde.sirable, as it increases the amount 
of asphalt required, tends to make thi mixture soft and yielding, 
and makes the hot material difticult to spread. 

The grading of the complete pavement or road-surfacing material 
sjjecified the American So(uety for Municipal Improvements 
is given in Table XXVI. 


[Table 
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Vable XXVI.—Gbadino fob Aspham Pavement 



Pit font. 

Per wilt.* 

Bitumen * ’ . 

1 

0-5 to Itt'-} 


Sand passing 2()0-iuosh . 

„ .. HO . 

Not loss than 10 | 
10 to / 

'Potal not loss than 2r» 

„ „ ."lO .. . 

40 „ . 

„ 30 „ . 

• 4 „ ;).5 1 

4 ,. 3.4 

4 „ 20 ) 

Total not Ios.s tlian h5 to 
5(1 

30 ,. . 

4 ,. 13 1 


„ 10 „ . 

3 .S 

'I'otal 10 (o ;15 

.. 8 .. . 

0 .. ) 



/ 


A giiuUnf' used in FiilJuiin and olhcr |)art.'j of Siiircy, ok'., which 
has jJi'ovod t[uik! satisfactory is sliown in Table XXVIl. 


Taiit,e .XXVIl. 


.Mtish of Sifvo.* 

l\T ft-nt. 

200 

18 

|0(( 

17 

80 

17 

50 

;{5 

:io 

(i 

20 

4 

10 

;i 


* '1‘Ih! sikVi's Jirc to hi‘ use*! in tho onlcr named. 


AsPJfAI.T-('l)N(’RHTG ]’AVKMEN'r.S 

As|>halt-concfote jraveineiits, which airr used rnoi’c oxteasively 
in the Unik“d States than in this country, liav<‘ a wearing surface 
coin [rosed of a concrete aggregate witli an as|)iialtic cement and are 
virry similar kr bituminous concrete, but differ frrrm sheet-asphalt 
[lavements^n containing a^much coarser aggregate. In rrach case, 
the material which passes through 100-ine.sh and 200-mesh sieves 
res|)eetively is usually composed of naturidly tine mineral inatkrr 
to which may be added finely ground limestone ; the greater part 
of the remaining makwial usually consists of sand, the coarsest 
portion being gravel or stone ehippings. 'I'he sand used in asyrhalt- 
concrete pavement's should have the same pro|K!rties as that used 
for bituminous concrete. 

In Bitullthic Pavements the wearing coat consists of aggregate 
in pieces from 3 in. diameter to dust. The sand should have the 
same properties as for other ty[)es of road ; the grading of the 
material used for two existing road surfaces iK shown in Table 
XXVIII. 
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T^ble XXVIII.—(iitADiNO OF Matkriao fob Bitulitjuc Pav^Tments (Ago.) 


r 

So. 1. 

So. 2. 

L. 

PIT cent. 

per cent. 

Bitumen. 

7-() 

7-02 

Mineral aggregate passing through 200-ino.sh sieve 

4-9 

4-.58 

100 . „ 

4« 

3-99 

80 

2-2 

2-ltt 

. .. „ 50 

7;{ 

7-88 

40 

31 

1-27 

.. .. 20 

2-4 

2-3!) 

.. 20 

2-2 

213 

10 

5-1 

3-77 

1 

A. A. AA 4 

5M 

4-85 


w:f 

12-75 

. u .. 

31-2 

4fi()l 

__ 


Numorous patents have been granted for varion.s mixtures to 
bo lused for asphalt-eonerete roadways, and much litigation has 
risen therefrom. Three of the most important of these |)atented 
mixtures art! (a) that used in tJie Amiesite pavement, which is similar 
to the Bitulithie pavement, (ft) that u.sed in the Warrenite pavement, 
in which sand forms the bulk of the wearing eoat, and (c) the well- 
known Topeka mixture, wliif^h has the grading given in Table XXIX. 

Taui.k XXIX.—Toi'Eka Mixtioik 

Pit l ent. 


Bitumen.7-11 

Mineral ag^rejrato pjwsing tlirou;^li 20l)-mcsli sieve* 5-11 
.. 40 I8-:10 

. 10 .. 25-55 

.. 4 8-22 


F. A. .A 2 „ Not over 10 

• TIh- slovps Id he used in tlic onlor nauiotl. 

The American Society for Municipal Improvements recommends 
the grading given in Table XXX. for asphalt-eonereh; pavements, 
as it has been ascertamed that it does net infringe any of the patents 
just mentioned. 

Table XXX. -Ghading of Matbbial fob Asphat.t- 
eoNCBETE Pavement 


Bitumen. 

IVr cent. 
7.9 

Mineral matter passing 200-me8h . 

7-10 

80 . 

. 10-20 

40 „ . 

. 10-25 

20 . 

. 10-25 

8 „ . . 

10-20 

j 4 . 

. 15-20 

2 

. 5-10 


















SANDS FOR ASPHALT-MASTIC ROADS 


69 


Asphalt-mastic' Pavkments 

Asplialt-mastic pavenumts consist of mastic, asphalt, tyid s»nd. 
The material known as mastic in the pavcment-makinff industry 
is a mixtuje of 12-18 per cent of a-sphalif with 82-88 per cent (if 
a miply divided inert material, which may be (sither a siliceous 
sand, limestone dust, iron oxide, or alumina, or mixtures of these 
materials. This mastic is Ijpatcd to 3,')()“-4(M)° F. (177‘’-2()4° C.) 
and is then made into cakes weighing ."lO-btl lb. each. These blocks 
are melted and inixed with an additional (piantity of asphalt and 
sand required. Iho sand Tuay be either siliceous or calcareous, 
but the lattt^r must not be used in thti vicinity of acids. 

Ihe gracling should be adjusted so as to seiuire a minimum 
of voids (p. .hi), and no [(articles of the sand should bo more than 
I in. diameter. 

Iho grading .shown in Table XXXI. mav be used for various 
purposes. 


Taiii.e XX.XJ. (tKadinc fou Mastu; Pavkmsnts (Abruham) 



Kj-uori Mpsh. 

I'cr tent. 

1-1 In. 

—- - . - 

- - 

— 

Matorirtl for : 



FoolpaDtH .... 

-li) 

41 

Ccllttr.s. 

in 

40 

35 

Corridors, stairs 

in 

Shops . 

12 

3.1 

Cold st.orap[D .... 

in 

35 

Acid tank rooms : 

Hottoin f<)urs(.i 

in 

35 

1’op course .... 

12 

33 

lloscrvoirs .... 

n 

30 

Swimrning-pool.s 

n 

31 

Bridge.s : 

Bottom course 

n 

.30 

Top course .... 

12 

33 

C’oncroto bridges 

Id 

30 

• « 




Asphalt Paving Blocks are made with a mixture of broken 
stone or grit of ^ in.-10-mesh and sand, at least 20 per cent of the 
sand or other inert material passing through a 200-mesh sieve 
and not more than .8 per cent remaining on a lO-mesh sieve. A 
minimum of voids is desirable, as in concrete (p. 35). 

Expansion Joints made of bituminous material consist of sand, 
asphalt of high fusing point, and shoddy dust in the proportion 
of 1 : 1 : i. Sheets of this material are placed between the pave¬ 
ment and the curb or across the pavement so as to take up stresses 
due to changes in temiieraturc. The sand for this purpose may 
be limestone or siliceous sand, crushed slate, or other similar 
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itiaterial, and should bo fairly fine. Its general propej^ies should 
be,the same as those of sand for sheet-asphalt pavem<!nts (p. 6.')). 

Sand as a Eidleb 

Sand as a filler in roads composed of bricks, woodj or stone 
blocks has long Irecn tised, the fillei' being pkaecd between the 
joints in the inabwials so as to prev'ent the movement of the blocks 
and to avoid their edges being chipiled whilst in us(^ There is 
seldom any need to mix anything with the sand, and as a matter 
of fact, sand alone has long been used as a filKw for brick and wootl 
block roads, though its us(? for wooden blocks in roads has now 
been largely abandoned. Sand as a filler for roads made of brick 
has the adv.antage of being va^ry cheap and no time is lost in opening 
the road, as is the cfise when a wet filler is used. If it should be 
desired to break up a sand-filled road, the bricks tluunselves need 
not be damaged, as the liller does not c<mient them together. 

The ()uality of sand uswt as a filler for bricks, etc., is not of 
great importan(a^ but it should contain a eonsidiTable pro)iortion 
of material finer than 20-mesh and should not contain much more 
than 10-15 |X'r cent of clay or " dirt,” though tln^ presence of these 
materials is less serious than where .some foiin of binder is used, 
which is required to adhen^ to th(^ particles of sand. The sand 
should Ix' quite dry so that it may be rcaflily pressed into the joints 
between tlu! blocks. 

Cement Grout is sometimes used as a filler foi’ roads made of 
brieks and wooden blocks. The sands used for this ()urpose are 
described in (Chapter 111. For road work not more than 1 per cent 
of “ dirt ” should be jnesent in the grout, and the grading should 
be fairly uniform, from 20- to lOO-mesli. 

A Tar-sand Filler is sometimes used for ro.ads made of either 
bricks or stone blocks. Tlu! sand in such a mixture renders the 
tar less susceptible to (•hanges in tern [)crature. Tlu^ sand for this 
purpose should bo tlui same as that for asphaltic roiidways (p. 07) 
and should be quite clean. The coarser the sand, the less tar will 
be required, but the sand should not be so (oai’se as to prevent 
the production of thin joints. It should usually pass completely 
through a 20-mesh sieve. 

Sand a.s a llEDorNO 

In order to prevent the upper part of the road from being forced 
into the ground, a bedding of some kind is employed. In macadam 
and similar roads, a layer of sand, crashed stone, or even ashes, 
is interposed to prevent this sinking. It has been suggested that, 
for roads on a clay soil, the clay and “ dirt ” should bo removed 
down to a sufficient depth and the space filled with sand so as to 
prevent settlemeijt, which would otherwise inevitably occur. The 
cost of this method is usually prohibitive. In roads composed 
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of blocks of^jjtono or wood, or oven bricks, a bedding course of santf 
is generally laid between the foundation and the blocks. 

The chief disjulvantages of sand as a bedding eour.s(! are : 

1. It is very difficult to make the Iasi of e(|uul density through¬ 
out, esijeciajly where it is laid thickly. 

2. The sand tends to li.se between tlm joints of the blocks and 
so prevent the lillei' from reaching to the whole depth of the bricks 
or bloclcs ; this is es|X'eially tjjie east; wdiere liiK^ sand is used. 

2. The sand is liable to be iri’egular in its moisture content. 

4. The sand is liable to leak away through era<4<s into man¬ 
holes, sewens, etc., .so that the kwel of the road is gradually lowered 
- -usually in an irregular uiannei'. 

Tn spite of the.s(^ disiMlvantages sand is still largely us(al as a 
beddmg course. 

Selection of Sand for Road-beds.- Almo.st any (d('an, line sand 
of moderate! shar pness can bo used for- tlie foundiitions and braiding 
of roads, but a highly .siliceous sand containing at most 25 ]i<!r cent 
of clay oi' " dirt is the Irest. “ Dirt " or loam is undesirabk!, 
as, if the bedding eom-st! becomes wet dming usr', the lin(! pai'ticles 
of clay and loam may be waslu'd to the bottom of the bed and so 
I'iiuse the blo(!ks to sink and produce! a ve'iy emi!ven roael-senface. 
Vegetable matter in the sanel is also very umk'.sirable, as it ele-cays 
in use!, is liable ter Is.! w.asheel errrt, anel allows thee blocks to sink. 

The Ame'i iean Kexiety of ,Munieii)al Impiove'ments recommends 
that not moi'c than 10-2.5 per cent of loam oi' eleiy shoedd be jiresent 
in the sanel useel for' beeeleling weroelen blocks, whilst ferr brick leeaels 
the National Paving Brick .\lanufaetuiei's' Assereiiition sj)e!e!ify that 
the sanel shall not eemtiiin more than 15 per cent by weight e>f 
e'lay or loam. 

MoiMim is vei'y undesirable in sands used few boeleling roaels, 
as wet saneis have a gre*ivteii' volume than ehy ernes, esfrexeially if 
the sanel is tine. Ferr this reason, if a sanel eeemtains moisture 
irregularly elistributeal, the heel, em eli-ying, will vary in thickness 
anel so give the reaiel a bael surface’. Heaie'c, the sanel sheaild Ire 
irerfectly dry when it is laid. 

The te.xtim eef the sanel is also imjreu'tant. It shemlel eepnsist 
of sharp asgiilar gi'ains see^as to obtain ei maximum of interlerck- 
ing and a minitmtm eef movemeent. Remnelexl grains, especially if 
smooth, teenel to roll eenel the bed is more easily elisplaced. For this 
rcasem, sand ceempeeseiel of rouneltxl grains shemlel not be useel as 
a bedding material. 

The size. e)f the! graias of sanel is veirv importeint. The sand 
should be so fine as to feed .soft anel veelve'ty ; it will then form a 
elense, .solid bedding. The finer the gi-ains the better will be the 
epiality of tha bod. 

Mixtures of eeement and sand are sometimes useel for bedding 
courses, eis they are less mobile than leeose sanel and so have an 
advantage over the latter. Such a bexlding adheres both to the 
foundation bel^w anel tee the blocks above, so that a very rigid 



72 


PREPARATION OF SAND FOR ROADS 


I , « 

road-surface is produced. The bedding is made by Igg'ing a dry 
raixtim! of cement and sand in the proportions of 1 ; 3 or 1 :4 and 
.thep laying the bricks or blocks on this bed. The latter are next 
sprinkled with water, thu.s converting the mixture of cement and 
sand into a mortar, though this i.s not as good as a properly mixed 
mortar, in'cause the amount of water which can gain access to the 
bed is limited and it is difficult to wet the whole of the mass 
uniformly. 

In some cases the cement and sand are pro]ierly mixed with 
water before Ixiing laid, and the bricks are then placed in position 
on the Ixd before the mortar sets. The sand <jscd for .such beddings 
should have exactly the same proix'rties as that used for cement- 
sand mortars (p. 48). 

Preparation of Sands for Use in Road Construction.- Wherever 
possible, sands in road-making should not undergo any treatment, 
as the cost of such |)reparation greatly increases the cost of making 
the road. In some cases, however, it may be necessary to wash 
or screen the sand, espoeially where a clean and carefully gra<led 
prwluct is required. Tubular or rotary sand-washers (1. 389) 
are very satisfactory for this pur])o.se, especially if they are portable 
and a dry sand is required. In most eases the sand can bo obtained 
sufficiently dry, but if not, .some form of dryiir (I. 401-413) must 
be used. 

Screenmg is very desirable so a.s to secure a properly graded 
product. For this imrjjose, any of the methods described in 
Vol. 1. Chapter X. may be employed, portable rotary screens being 
satisfactory. Where it is merely required to siqxarate some coarse 
material from the sand, an inclined flat sci een jiiay be used. Where 
stone screenings an! employed in addition to or instead of sand, 
it may be necessary to enish them in order to secuie a product of 
the desired fineness. 

Tests for Sands used in Road Construction.- -Iffie tests of sands 
for making roads are practically the same as those suggested for 
testing sand to be used for concrete, as much of the sand used 
in roads forma part of an aggregate similar to that in (!oncrete. 

The principal tests are ; 

1. chemical analj'sis (I. 237). Thij is not u.sually. important 
except for channels and conduits along which acids Jiiay be required 
to flow. 

2. A microscopical examination to show the shape and size 
of the gi’aina, and the nature of their stirfaco (I. 241). 

3. A cleanness test (1. 244). 

4. A grading or sieving tost (I. 246) to show the proportions 
of grains of various sizes. 

5. A determination of the proportion of voids (I. 261). 

6. A determination of the volume-weight or weight per cubic 
foot (I. 259). 

7. A hardness ftest (I. 209). This is necessary for sand to be 
used for the wearing coat, though usually the hardness nf 
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siliceous s%{id is ample ; the caleareous sands and various sand- 
substitutes are often too soft. 

8. A determination of the dryness or moisture content (I. JJ38).. 
This is necessary in tlu? case of sands to be used for iH-tfding, as 
there the yrcsonee of much moisture would lx; .serious. 


SuNDKY UsKS Of Sa}(I) IN BoiLDINO CON.STEOOTION 

Foundations.—The use of a natural sand bed for foundations 
is very satisfactory from a health standpoint, provided the ground 
is not low-lying or water-logged. A sand bed is sometimes ii.sed 
as a foundation on which brickwork is built when tlu^ ground 
is somewhat weak. Sand is also used to form piles in jieaty 
ground. A timber pile is driven into the ground to the l•e(|uired 
depth and drawn out again, the hole thus formed Inung tilled with 
.sand and the suifaciss covered with concrete. Tlu? depth of such 
a sand pile is usually 6-10 times its diameter. Sand is also us(m1 as 
a bedding for eonerete pilt^s, beams, etc. 

The sand used for foundations should havt^ the same properties 
as the sand used for bedding roads, exceiit that a somewhat (coarser 
sand may be employed for foundations. The princi|ial pro])erti(>s 
required are : (a) the sand should be angular so as to pack well 
together, {!>) it should Ix^ clean and free from loam or clay which 
may, in time, be washed out and so cau.s(^ tlu^ building to sink, 
and (c) it should be dry, as w<d sand has a greater volume than 
dry sand and would, later, tend to eaus<! sinking. For further 
information, see pp. 71-72. 

The safe bearing load of a foundation consisting of compact 
dry sand, well cemented and eonfined, is 4 tons jicr sq. ft. A 
natural bed of clean dry sand wall su])port 2-4 tons pi-r sq. ft. 

Bituminous Fabrics are fnspiently treated with sand to improve 
their durability and apjiearance. Sui’faci^ coatings of .sand are 
frequently applied to rooting and floor felts—usually by sprinkling 
the hot felt with sand and then applying a roller. The sands for 
this purpose are of three kinds : dust, medium sand, and coarse 
sand. chemical compo.sition of the sand i.s not of great import¬ 
ance, .siliceous sands, kiest'lguhr or infu.sorial earth, ground lime¬ 
stone, or other similar mati-rials all being used for this purpose. 
The medium and coarse sands are sometimes replacx'd by crushed 
red or green slate, or other coloured roi^k, sand which has been 
artificially coloured, or crushed bricks, tiles, marble, felspar, granite, 
sea-shells, or slag. The sand should be quite clean, as any foreign 
matter present reduces its adhesion to the bitumen or other material 
on the felt or fabric. 

The shape, of the sand grains is preferably angular, as sharp 
grains adhere more readily to the felt than rounded ones, though 
the latter are sometimes used for decorative etfents. 

The size o^ the grains of sand depends on the use to which it 
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Ih' to be put. The du.st used for preventing tlie fabwfc sticking 
wh»n it is rolled should not lcav(! more than 5-25 per cent of residue 
on ap 80- or 100-mesh sieve. Th(! grains of medium and coarse 
sand may'.bp of any eonveni(uit size, according to the effect desired. 
A uniformly .siz(>d sand is desirable for decorative effect^;, and line 
material should then be avoided, as far as possible, as it also prevents 
the adhesion of the larger ^tartieles. 

Moulded Articles .siuli as iiisulatorj! ar<^ sotnetimes mad(! of a 
mixture of sand and lutuminoiis material. For this purpose, 
.silica, kie.selguhr, .slate, or lime.stone may be u.sed, the principal 
properties di'sired being: (a) cleanness to fa<ilitate the adhesion 
of the binder, (h) linene.ss in accordanci! with the size of tlu' articles 
made, (c) proper grading (p, 35), and (rf) angularity sufficiently 
marked to enable strong articles to lx? produced. 

Preparation and Tests.- The methods used in the ])reparation 
of sands for various ])urpo.ses in luiilding construction and their 
te.sting dep(md entirely on the purposes for which thev are to be 
used. Sands for fo\mdations and bedding are pre])are<l and tested 
as numtioned in Chapter IVC 

Sands for oiriamental purposes rctpiire to be tested in the 
particular direction in which ornamentation is desired, i.e. for 
uniformity of colour, grain size (1. 2+l>). cleanness (I. 244), shape of 
grains (f. 241), etc. The cbeinical composition a.s shown by chemical 
analysis may also be important in certain cases. 
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THE USE OF SANDS IN METALLURGY 

Sands are used iti the melallnifrii al industries for various purposes, 
the chief of wliic^h are : 

(i.) As sources of various luelals. 

(ii.) For moulding metals in the production of castings. 

(iii.) For lining nudallurgical furnaces. 

(iv.) h'or use in smelting and relining various metals. 

(v.) For use in welding metals. 

(vi.) For enamelling metals. 


Sands as a Sourck ok .Mutals 

Various metallifi'rous sands an? i?n]>ortant as a source from 
W'hic^h certain metals can b(^ obtained. Thus, auriferous and 
argentiferous sands and other ))lacer .sanils (1. UW) provide a con¬ 
siderable proportion of the world's supply of gold, silver, platinum, 
and other jweeirms metals. Iron-bearing or highly ferruginous 
sands (1. 122) are worked for the sake of the melaliic iron which 
can be produced from them. Monazite, zircon, and otlww .sands 
3 'ield yttrium, zirconium, cerium, thorium, lanthanum, etce 

Th(' distribution and characteristics properties of these sands 
have been desciibed in Vol. 1. tdia))ter 111. and the methods used 
for obtaining them in Vol. 1. Chapbu’ A’TT., tlus methods of ))re- 
))aring tluMu, including tHe separation or eoncemtration of the 
valuable metallic compounds, have been described in \’oI. I. 
Chapter TX., and the subsequent ti-eatment of the highly con¬ 
centrated ores evc'utually obtained from the sands is beyond the 
scop<! of this volume ; information tlmrcsin should be sought in 
books dealing with the smedting of the respc'ctive metals. 

Moulding Sand.s 

The uses of sands of various kinds in casting metals and alloys 
are both numerous and important, and manyiof the difficulties 
experienced in^ using them for this puqjosc! are primarily due to 
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lack of knowledge of some of the properties of the s%iids and of 
the best methods of selecting and tri'ating these materials. 

• Moulding sands may be used in several different ways ; for 
instance, very large eastings are usually mad(^ by c^xeavating a 
pit of ample size in the* floor of the foundry—which ii^ composed 
of sand and Tiiust extend to a greater <lepth than any easting likely 
to be required. In the cavity thus pnqiured the mould is formed 
by paeking sand around a woo<h'n pi]|ttern, supports being given, 
when nece.s.sary, by brickwork or by other simple means. Smaller 
castings may 1 h' mad(' in the floor, but more usually cast-iron 
boxes are employed for containing the sand. For hollow castings, 
one or more internal ]>ieees or '■ (awes ” ar(( i)la((ed in the mould ; 
these cores must at least be (a)vered with a suitable sand and are 
frequently made wholly of a .sandy maferial. 

The various methods of moulding may all be arranged in two 
groups : 

1. Open-mml moiildhuj, in which the pattern is impressed in 
the sand forming part of tlu! Hoor of the foundry or in .sand in 
open boxes or trays, the metal lading jamred iido the inq)re.ssion 
or mould thus made. 

2. Close numlding, in whidi th(( mould is made in twn or more 
parts forming a hollow interior (corresponding to tine pattern and 
to the shape which it is desired the casting should possess. The 
consideration of which type of mould is best for a given purpose, 
and of the vents, pegs, and other details of construction necessary 
to secure a good (casting, are heyon(f the sco|a' of fhis volume. 

Three terms largely used in foundry work need brief explanation ; 
they are: 

(а) Green sarul moulding, in which a raw sand in its natural, 
undried, or ‘"green” state is used. Green .sand moulding is gener¬ 
ally employed for malleable and chilled iron, steel, and small brass 
and bronze castings. 

(б) Dry sand moulding, in whidi tine mould is mad(! of damp 

sand, but is dried before use. Dry sand moulding is used for large 
castings of all kinds and for many small ones, as there is less risk 
of accident and better eastings are more easily obtained. Gores 
are usually made by this method. ^ • 

(c) Loam moulding, in which no pattern is used, the .sand being 
shaped by hand to the desired form. iSueh a mould can only be 
used once, so that it is only employed where many duplicate castings 
are not recpiired, or where there is no objection to rough castings, 
as in the production of pig iron. The chief disadvantages of this 
method are the amount of labour involved in preparing the casting 
bed and the adhesion of the sand to the eastings. 

Materials used as Moulding Sands.—The principal materials 
are siliceous sands, varjung from tho.se consisting of almost pure 
silica to loams containing up to 40 percent of clay or analogous 
material. 

Moulding sands arc described as ‘‘ strong ” whe*. they contain 
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a oonsideii^ble proportion of clayey matter, and as “ mild ” dr 
“ lean ” when they are almost devoid of this material. They «.ro 
described as “ high .silica " sands and sands with “ natural bonfl ” •, 
the former are very mild and consist of almost pure ifilica, the 
latter are strong and contain a eonsidcfable j)roportion of clay 
or ferrugifious material whicli forms the bond or agent which 
unites the particles of .sand together. The " high silica ” .sands 
re(|uiro an artificial or added Irond in order that they may have 
the necessary plasticity and’cohesion. 

They are commonly known by the following names, which 
indicate the special purposes for which they an; used : 

Green Sands are sands wliich arc used in their natural .state 
and contain a certain proportion of moisture. The name has no 
reference to their colour and must not b<! confused rvith the 
“ Greensands ” obtruned from a erstain geological formation (I. 118). 

Dry Sands are misnamed, as the moulds arc made of damp sand, 
but are dried before use. 

Loam is a natural or artificial mixture of clay and sand which 
is used for moulding large castings, pig iroti, etc., usually by open 
sand moulding. Three kinds of loam are used ; 

{a) Building loam, consisting of blacdc sand mixed with clay- 
wat(!r to giv(! it the necessary t)inding jjower. 

(b) Coating loam, whicli consists of a sharp sand mixed with 
clay, sawdust, and water. 

(c) Finishing loam, wliich consists of fine particles separated 
by screening from the coating loam. 

The characteristics of tliese various kinds of loam are described 
under their properties, such as (Jiemical conipo.sition, etc. 

Backing, Floor, or Black Sand is that which constitutes the bulk 
of the mould and acts as a support for the " facing ’ sand, which 
comes in contact with the molten metal; it gives rigidity and 
solidity to the mould and forms a jiorous backing through which 
the gases trapped between the face of the mould and the molten 
metal are able to esca))e. When a casting has been completed 
and the metal removed, the sand which formed the mould is removed 
(thus destroying the mould) anil is put into the general sand-pile 
for use as^backing sand. This practice is not altogidhcr desiralile, 
as some of the used sand i? often burnt by contact with the molten 
metal and also on account of its containing coal dust, so that the 
sand gradually grows weaker with use. (See also p. 119.) 

Facing Sands are used for giving a smooth face to the mould. 
This sand comes into contact with the pattern and also with the 
molten metal when the latter is poured into the mould. Other 
substances used for the .same purpose, but applied later to the 
face of the mould, are .sold under various names. 

The only facing materials other than sand which can be clas.sed 
as sand are kieselguhr, brick-dust, and silica flour. The non-sandy 
facings include china clay, fireclay, brick-dust,» broken crucibles, 
talc, graphite ^plumbago), “ compo,” siftings, coal, coke, charcoal. 
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cindors, sawdust, dung, etc. They are somotimosaf known as 
blackinga. 

^ilica flour, mml-diijit, and kiesehjuhr are used on aeeount of 
th(!ir refractoriness, silica flour laung the? most useful when casting 
steel; all three materials are employed in dry, greep sand and 
loam moulding. In green .sand moultling. the finely ground material 
is applied through a porous canvas bag to the siulace of the mould, 
the surface being afterwards smoothed by means of a trowel or 
“ sleeker,” or the pow<ler is applied with a camel-hair brush. In 
some cases, the pattern is replaced in the riioidd atid pressed so 
as to produce a uniform facing. 

In loam and dry sand moulding the powder is made into a 
liquid slip with water and a little dextrin or flour, applied by means 
of a brush. 

The silica flour is sometiTiies mixisl with graphite or talc. 

The chief difficidties (»nn<^cted with the use of silica flour or 
other finely powdered silica are that it tends to fill the ])ores in 
the surface of the mould, which may cau.se scabbing and “ burning 
on ” where very high (tasting temperatures are employed For 
such j)ur])oseS carbon is better. Finely ground .sili(^a may also 
cause trouble on account of the triuisformation from the high 
specific gravity form to the low specific gravity form when the 
silica is heated by the metal to a high temperature. 

Siliceous sinter, mixed with a suitable quantity of dextrin 
solution as a binding agent, is sometimes u.scsl instead of silica 
flour. 

Brick-dust in a very finely divided .state is used in the same way 
as silica flour. Where a highly refractory facing is rcMpiired, 
fire-brick dust must bo used, but for brass, et(^, common brick- 
dust will .serve. It may be used either dry or in the form of a slip. 
The addition of a vegetable binder is usually necessary to give 
it the required adhesiveness. The fire-brick dust is also used in 
combination with other materials .such as graphite. 

Btackmjs are similar to ” facings,” but arc chiefly composed 
of .some form of carlwn .such as gra[)hite, plumbago, coke dust, 
charcoal, or other carbonaceous matter. These materials are 
valuable, as, when heated by the metal, they liberate gas(vs which 
form a film Is'tw'cen the mould and fee metal and prevent the 
lattew from damaging the mould. The term “ blacking ” is also 
applied generally to all facings which are used in liquid form. 
Although some “ blackings ” contain silica flour, brick-dust, or 
other siliceous substances, their esscmtial coastituent is of a carbon¬ 
aceous character as stated above. 

The essential properties of facings and blackings are great 
fineness and sufficient refractoriness to withstand the high temx)era- 
tures to which they are exposed when the metal is being cast. 

Parting Sand is u.scd to separate the various portions of the 
mould where tha shajje is complicated, and a mould consisting 
of two or more parts is necessary. The material usjially employed 
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for this purpose is an ohf facing sand, the gi’ains of wliich ha\V 
been roundW and have lost all tluur binding |iower, but any shii,rp 
lino sand which is sufliciently refractory may lx- used. A tine., 
highly siliceous sand or the finest |)ortion of sifted burnt *H<ioi- 
sand or fire-brick dust is usually eui|)loy(jd. Ihiiting powders are 
also appliiAl to the ])atterns so as to |KU'mit the lathu' to be with¬ 
drawn from the mould without damaging it. 'I’hey may consist 
of a mixture of lim; sand, brick-dust, or kiesclguhr, with a little 
oil—preferably paraffin—to make it rc|K'llent to water. 

Core Sands are those us(xl to form cores A\hich determine the 
sliape of the interior .surfaces of hollow eastings. I’liey ai(^ i-eipiired 
to withstand very severe conditions, as they are often almost wholly 
surrounded by molten nudal. 

“ Compo” (an abbreviation of " composition ') is a jireparation 
used in moulding large castings, which generally t'onsists of a mixtur(^ 
of fireclay and silica rock (|n-eferably ganister) ground togetlu'r with 
water so as to form a modeiah^ly soft paste. Hrokeii ))himbago- 
or fireclay-enicibles, coke, coal-dust, charcoal, and blacklead 
(plumbago or graphit('). are also included in some compos. 

The rfX'ky (lart of the mixture must lx‘ id' a jiorous character, 
but the clay or other bindei- shoidd be finely ground so as to develop 
its binding power to the fullest extent. Some foundry })roj)rietors 
purchase the compos ready - made ; they would usually find it 
both chea|icr and Ix'tter to purchase the raw materials and then 
mix and grind them in a building adjacent to the foundry. An 
edge-runner mill with a solid revolvmg |)an is all that is needed, 
the roughly crushed ganister or other silica rock, Hreela.v, and water 
in suitable proportions being " ground " in the mill for about 
twenty minutes. Koundrymen differ greatly in the |)ro|x)rtions 
of non-plastic material and fiieelay they prefer in the compo ; 
some obtain the best results with a 2 : 1 mixture, whilst others 
prefer a 4 : 1 mixture. The projiortions of the other ingredients, 
when used, are c((ually variable. 

Properties o! Moulding Sands. Although the uses of moulding 
sands are so numerous and the pi'0|X'rties they are required to 
possess vary so greatly when the sands are used for different 
purposes, they have certain pro])erties in common, so that it 
appears nibre desirable to* consider all the sands together when 
dealing with any specific property rather than to attempt to deal 
with all the properties of each separate kind of sand. A reference 
to the index will enable the reader to ascertain rajfidly what 
properties any particular kind of moulding sand should [xissess. 

The colour of a moulding sand is not usually of any great 
importance, though in some eases it is very useful as an indication 
of its nature and purity. The colour varies from almost pure 
white, in the case of pure silica sands or cnishixl rocks, through 
various shades of yellow and brown to a decip red colour, the tint 
being duo to the presence of a variable ])ropor|ion of iron oxide 
and carbonact*ou8 matter. The depth of the colour is to some 
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(Sxtent an indication of the iron content, though it is by no means 
at) accurate test. Certain well-known sands are characterised by 
their special colour, e.g. the famous yellow Erith sands and the 
red sands of Mansfield, Worksop, and Kidder>ninster. 

Refractoriness. —A moulding sand must be sufficiently refractory 
to withstand the action of the molten metal with which it comes 
into contact. The extent of the refractoriness needed depends 
on the metal to bo cast, the temperature at which it melts, and the 
duration of the contact. Metals such- as lead, brass, bronze, etc., 
are cast at much lower temperatures than iron and steel, so that 
the sand need not bo so refractory for the former as for the latter. 
Iron does not require so refractory a sand as does steel. On the 
other hand, a high refractoriness is specially important in largo 
and heavy ca.stings, where the heat is conducted away rnuch more 
slowly than when light or thin castings are made. 

The greatest refractoriness is required in easting large pieces of 
steel, as this material is poured at V(‘ry high temperatures (between 
1!520° and 1600° C. when the metal reaches th(^ mould) which 
approach the softening point of silica and ai'c far hightw than the 
fusing points of the ehierf impuriticss found in moulding sands, 
with the result that unless a very good refractory sand is used it 
is liable to fu.se and adhere to the metal. This defect is called 
“ burning on.” It occurs most frequently when casting steel from 
converters, as in these the metal is raised to a higher temperature 
than in other furnaces, and consequently is more liable to fuse the 
surface of the sand in the mould. Steel melted in an electric 
furnace does not burn quite so readily as that from a converter, 
whilst the steel from an open-hearth furnace is still le.ss likely to 
cause trouble in this direction. “ Burning on " is very common 
where the .sand is greatly compres.se(l, as in the (mdosed parts of 
the cores, so that the heat, not being able to escape, causes a partial 
fusion of tbo sand and makes it adhere to the .surfais; of the metal. 
For this reason, only highly refractory sands should bo used for 
cores. As “ burning on ” is almost wholly due to the partial 
fusion of the grains of sand, the best means of preventing it is to 
use a facing sand which is sufticiently refractory to resist the heat 
of the metal. 

“ Scabbing ” is also attributed by^some foundrymen to lack 
of heat-rosistance in the sand, but whilst it may, on rare occasions, 
be due to this, the chief cause of scabbing is faulty ramming when 
making the mould. 

The average temperatures to be withstood by different moulding 
sands are given in Table XXXII. 

The refractoriness of a sand depends on the proportion and 
nature of the substances other than silica in the sand (see 
Chemical Comjmition, p. 8,5). The most refractory constituent 
of a moulding sand is pure quartz, which does not show .signs of 
fusion, when pure;-at temperatures below 1700° C. It is imjjossible, 
however, to use a sand consisting entirely of quartz grains, as it 
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TABLK XXXll. • -CASTTN(i TKMI’KftATURKS 


Siin<i for Cjistiritr. 

Miuxiinnin 1Viii|K'i':i((irti 

iitliiitii'ti. 


r- 

Hrnss 

c. 

Iron 

ir»iu ' (’. 

•» 


Sit'd ... 



laoks binditig power and would not jiroduce a serviceable iiKudd, 
so that a vai'iable |)roportion of substance's which i-cdnce the 
refraedoriness must inovitably be present; this should, however, 
be as small as ]K)ssibh! (consistent with the production of a gooel 
nioidd which will produce accurately shaped, clean eastings. 

Almost all minc'rals, other than silica, whicli occur in sands 
decreasec the refractoriness, and are, to that c.xtent, undesirable, 
although it may be nece.ssary (o (wcrlook the reduction in hcat- 
resistance because of some other good (piality which a sand 
po.ssesses. 

The effect of heat in converting (piart/, into other forms of 
silica, such as (ridymitec and cri.stobalit(' (I. 22(1), may have some 
influence on tin- production of '■ burning on " and '' scabbing." 
but as this conversion is an inlicrcmt proja'rty of the silica it cannot 
b(( avoided. The c.vtent of the conversion which in most cases 
must be slight—(lc|)ends on the size of the |)articles. 

As large ])articies of .sili(ca re(piir(c a longer time for the heat 
to penetrate them than is needed by smaller particles, the refractori¬ 
ness of a sand apfwars also to de])end on the size and shajie of 
the partides of which the .sand is composed (1. 2:50). The finely 
powdered material used for “ facing " mouhls should consist of 
almost pure silica in order that it may b(( sufficiently refractory 
to withstand tlu- high temperature of the freshly poured metal. 
Heat penetrates a large pic(!e of (piariz very slowly, but a minute 
])article of silica flour is rapidly raised to a high tempci'ature. 
Hence, the smalh'r the })articles the greater is the nt'ce.ssity of 
using only tliose having a high refraetorine.ss. 

Porosity and Permeability.—These terms are frequently misused 
with reference to moulding sands. 'I'he term yorosity is a|)plied 
to the relative volume of the pon's or interstices between the solid 
particles, whilst the term perrneahilily relates to tin? (‘xtent to which 
gases can pass through the material. The distinction is inqtortant, 
as a sand may have a high jiereentage porosity hut a low ])er- 
meability, and all sands of high permeability are not highly porous. 
The porosity is measured by the amount of water which is re(|uired 
to occupy the interstices or voids in the .sand ; the permeability 
is imsasured by the rate at which water or a suit-able gas will ])a.ss 
through the sand. 

VOL. II * 


o 
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Permeability is of much greater importance than^ porosity in 
mroulding sands, though the latter, being readily determined, is 
oft^n (erroneously) assumed to be proportional to the former. 

With re8f)ect to porosily, sands are (biassed as “ open ” or 
“ close," the former having a greater porosity than the latter. 

The poro.sity of a moulding sand is dependent on various factors, 
including 

1. The size of the grains of sand (p. 10,5). 

2. The shape of the grains (p. 104/. 

3. The grading of the sand, i.e. the relative proportions of 
grains of different sizes (p. 105). 

4. The proportion of impervious material, such as clay, which 
is present (p. 94). 

5. The diyness of the sand (p. 100). 

The permeability of a moulding sand is most important, as 
when molten metal is poured into the mould any air which becomes 
trapped between the metal and the fa(* of the mould may cause 
a defect in the casting, so that some means for permitting it to 
escape must be provided. As the gases cannot escape through the 
molten metal, they must pass through the mould itself, and there¬ 
fore the latter must be sufficiently ]KU'meable to allow tlu! gases 
to pass through it at a suffioiently rapid rate to j)revent any damage 
to th(! (tasting. Gases ar(! also occluded from the molten metal, 
and, if a gnten sand mould is used, some steam is also liberated 
as the moisture in the mould is evaporabtd. These gases and 
vapours must be able to escape rapidly through the pores in the 
mould. The scabs or wart-like juojections .sometimes seen on the 
surface of eastings are due to air or otber gases Vicing trapped 
between the metal and the mould. 

A sand should be as pttrmealde as ))ossiblc, so that the gases 
and steam generated may readily and rayiidly escape without 
damage to the surface of the casting; but excessive porosity is 
undesirable, as the molten metal would then tend to yxmetrate 
into the mould and so give the casting an irregular surface, to 
which a large proportion of sand would adhere very tenaciou.sly. 

A sand with a low porosity and high permeability usually 
contains a large number of vc*ry minute interstices Vietween the 
particles, whilst a sand liaving high porosity as well as high 
permeability probably contains a smaller number of much larger 
pores. 

As gases can pass through much smaller ayiertures than liquids, 
the best moulding sands, when in us((, have a sufficient numVjer 
of pores each largo enough to enable the gases to escape, but not 
so large as to enable the metal to penetrate below the surface 
of the mould. The permeability of a mould depends chiefly upon 

1. The shape of the particles (j). 104), 

2. The size of the particles (p. 105). 

3. The amount of bond pro.sent (p. 92). 

4. The amount of moisture present (p. 100). ^ 
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6. The njetal to bo cast; a sand is not equally penetrated 
by different metals. Thus, a sand which gives jwrfectly satisfaet( rv 
eastings with iron does not necessarily give equally satisfaetftry 
re,suits with lead, brass, etc. Brass and some other metals have 
a “ searehipg" action on moulding .sarftls which prematurely 
elo.ses the porr-s in the face of the nuudd, so that highly refractory 
sands of great permeability are soinetinu^s necessary in such eases." 

6. The temfjerature of eaijting also has an important influence 
on the ]x.wmeal)ility of a sand. 

Plasticity.—The jilasticity or eohesivencss of the sand is a very 
important property, as upon it deja-nds the extent to which the 
sand can b<5 made into any desired shape which it retains after 
the 7 )attern has been removed, and also after tln^ molten metal 
has been introduced into the mould. A sand which is deficient 
in cohesion woidd not yiresenve its sharp edges aftei' nmioving 
the pattern, and so Avould not giv(^ a (tasting of the correct shajK'. 
When the molten nudid is ))oiired into a mould made of a loose 
incoherent sand, the latter would be carried away by the flowing 
of thrt rmttal and the casting would Ixt spoilt. ('onserjuently, a 
moulding sand must be sufficiently strong to resist th(t pressure 
of the molten metal, both in its liquid form and during solidifica¬ 
tion. The f)lasti('ity and cohesion neerwsary vary according to 
the nature, stze, and shape of the article! to be east. Where the 
surfaces of the casting are fiat a highly cohesive .sand is not necessary, 
but where! an article! with a (!oniplex surface is to bo "cast, a sanel 
with a much greater binding power is reqrtired. 

'I'he plastieeity and cohesion of a moulding sand are! much less 
than those' of clay, but re.sembl(! the latter in many re!spccts. They 
(lepe'iid on 

1. The' jrroporfion of clav or other binding agents presemt 
(p.!l2). 

2. The binding jrower ejf the clay, or other binding agents 
present (p. !(3). 

3. The sizes of the grains eff sand (p. 10.')). 

4. The shajxis of the grains of sand (p. 104). 

5. The chemical composition of the! sand (p. S.")), though with 
highly siliccsus sands this is ^if minor irnjrortanoe. 

Sands are term(!d weak, medium, or strong, according to their 
Jilasticity, weak sands benng those containing only a small quantity 
of clay or other bond and th(!rofore ve'ry deficient in plasticity, 
whilst strong sands are tho.se (!ontaining a larger proportion of 
clay or other bond and whieeh therefore have a greater plaatieaty. 

Most of the moulding sands in thi.s country are natural mixtures 
of quartz grains and a bonding material such as clay or limonitc 
(a complex and probably colloidal hydroxide of iron), and British 
founders usually rely either on obtaining a single sand suitable 
to their requirements or on mixing several sands so as to obtain 
a product having the dcsire!d projiert.ies. Gnly te^ a very limited 
extent are artifwially prepared mixture's of sand and clay used 
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in this country ; they arc much more extensively use^ in Germany 
and the United States. 

*lt is by no means difficult to match any of the well-known 
and highly esteemed moulding sand.s by using two other sands 
and a suitable clay; aisd as such artificial mixtures can be relied 
upon to retain a constant compositkm, no matter when they are 
made, they have! an obvious advantage over natural sands with 
their unavoidable variations in composition and pro|xwties. The 
only property in a natural sand which cannot be matehed in an 
artificially prepared mixture is the slight iilasticity due to iron 
compounds, as this cannot, at present, be duplicrabHl artificially, 
with the result that artifieially prciiarcd moulding sands produce 
castings with a slightly rougher face than when natural sands are 
used, and the withdrawal of the casting from th<5 mould, or vice, 
versa, is not quite so complete. In all jjrobability, if more attention 
were paid to the use of ferruginous materials in .such artificial 
mixtures, this difficulty could be ovorcoiim, as th<! [)roduction of 
a film of colloidal iron oxide on the particles of an iron-free material 
is by no means difficult. A rough yet useful test of the plasticity 
and cohesion of a sand is to squeeze a sample in the hand and, 
after releasing it, cxaiinne whether it shows an imjffcssion of the 
fine lines of the skin. If it does so, the sand is jwobably satisfactory, 
but may contain an excess of clay or water. The. t(wt should, 
therefore, b(? nipeated on nd.xtures of the sand with various pro¬ 
portions of an almost jmre silica sand. It will then be easy to 
judge whether the moulding sand is improved or harmed by the 
addition of more sand. 

Further information on the plasticity of moulding sands will 
be found under Mineralogical Compositwn (p. 90). 

Binding Power.—The term “ binding power ” is sometimes 
apydied to a sand when referring to its plasticity (j). 93). This 
is a mistake, as the tenu “ binding ])ower ” should be restricted 
to the jiower possessed by some materials, such as clay, to imite 
with other materials and form a strong coherent ma.ss. The 
properties known as binding power and plasticity arc by no means 
identical; some clays, for example, have a high binding power 
but only a moderate plasticity. The binding powcu- qf a material 
is be.st judged by the amount of medium fine sand which can be 
added to it without the mixture lo.sing its property of being formed 
into simple shapes, sucdi as cubes or spheres, which are sufficiently 
cohesive not to be destroyed by gentle handling. 

The precise cause of the binding ywwer of a moulding sand is 
not fully understood ; it appears to dcj)ond chiefly on the relative 
thickness of the colloidal gel, which surrounds the inert particles 
in the clay or other binder (I. 183). Where the coating is relatively 
thick it may be spread as a thinner coat over the added non-plastic 
material, but if the colloidal coating is thin, it cannot l)e distributed 
over a larger mimber of particles without destroying the plasticity 
of the mixture. 



TE'xTURE of moulding sands 85 

• 

Shrinkagp,.—Patterns of castings must always Ix) imulo a trifle 
larger than the required dimensions of tlu; easting so as to alloV 
for the shrinkage of the mould during the drying ; but the c«n- ' 
scientious moulder always (uuleavours to produce moulds with 
as little shrinkage as possible. • 

Constaney of volume depends chiefly on 

1. The proportion of clay or other binder in the sand (p. !)2) ; 
an excess of clay causes undue shrinkage. 

2. The size of the grains of sand (p. 1(15). 

3. The shape of the grains of sand (]). 1(14). 

4. The projtortion of water in the sand (p. 1(10). 

5. The proper preparation of the mould. 

The smaller the grains of sand, tlu' lower the pro])ortion of 
binder and water, and the laitter the ramming of the mould, the 
smaller will be the shrinkage!, though it can never be wholly 
eliminated. Grains of .such shafK! ami size that they can ra|)idiy 
be rammed into a dense mass will usually shrink less than those 
which do not admit of such eompaeting. 

In loam nundding, it is important to s(!leet a loam which does 
not shiink unduly when dry, and the surfae^e of tlu! mould must 
not 1)0 too friable. 

Surface and Texture.—'I'he saml which comes into contact with 
the molten metal mu.st bo r)f such a te.xture (1. 21(1) as to give a 
eaxting \vith a smooth or even surface and to facilitate the removal 
of the moulded article from the sand when cool. 

The surface of a motdd de|K‘uds chiefly on 

1. The chemical composition of the material forming the face 
of the mould, ft should be highly siliceous, but must not neees.sarily 
be a pure sand. 

2. The smallness of the grains of sand (p. 105). 

3. The grading of the sand (p. 105). 

4. The smoothness of the surface of the face of the mould, 
tliis being due partly to the sand or other facing material used and 
partly to the skill of tlu; moulder. 

The smaller the grains of sand and the better the gnuling (p. 105), 
the smoother can be the face of the mould ; the pre.senee of a 
little plastui clay will also aid in obtaining a smooth finish to the 
mould. A smooth mould will not necessarily yield a smooth 
easting ; on the contrary, if the face is too dense and imper¬ 
meable (p. 82), the easting will have a rough face and may Ix) 
badly “ seabl)ed.” 

When a facing or blacking is apjilied to finish the .surface of 
a mould, it should be composed of the smallest available grains, 
as coarser particles will produce a rough finish. 

Chemical Composition. —Too much reliance mu.st not be placed 
upon the chen)ical composition of a .sand for any particular purpose, 
though it does servo as a useful guide. Thus, sands of widely 
different chemical composition may be used satisfllctorily for some 
one purpose, whilst some sands having a similar chemical com- 
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position cannot bo used to replace each other. In illustration of 
this H. Ries quotes the following analyses ; * 



1. 

2. 

_4 . 

4 . 

Silica. 


70-24 

71)-30 

90 00 

Titanic oxide 

014 

0-4»5 

0-34 

0-70 
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Ferric oxide 
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Lime. 
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0-27 
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I’otash .... 

2d)7 
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oar> 

0-74 
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trace 

Combined water 

4 1)0 

4I« 

2-02 

3-04 

Moisture .... 

415 

2-42 

0-74 



Nos. 1 and 2 are very similar in chemical composition; yet 
No. 1 is a coarse-grained gravelly .sand, whilst No. 2 is a fairly 
plastic loam. On coinjiaring Nos. 3 and 4, the latter might be 
judged to bo the best; yet it is a brick clay, whilst No. 3 is a good 
moulding sand. In other words, the physical jiroportics are often 
as important as the chemical composition, and sometimes th(!y are 
more so. 

Moulding sands arc usually .siliceous .sands composed of particles 
of quartz or other forms of silica together with sonu! clay, oxides 
of iron, lime, magnesia, and sodium and potassium compounds, 
and sometimes a little carbonaceous matter. The proportion of 
silica present varies according to the purpose for ulnch the sand 
is to be used. McsWilliam and Longmuii- give the figures shown 
in Table NXXIII. for the silica content of moulding sands for 
various purposes ; 


Taulk XXXIft. —Silica in Mouldino Sands 


Type of Cuatiiifi. 

l.iulit 

OraHA. 

l.itilil 
Cast IrotL 

Me<lium 
Cast Iron. 

llc-iivy 
Cast iron. 

Steel. 

1 

Per cent, silica . 

1 

78-80 

80-82 

82-84 

84-^ 

90-99 


When the temperature of tlie metal is very high, and a very 
refractory sand is required, a highly siliceous sand, containing 
93-99 per cent of silica, should be selected. For metals which can 
be cast at lower temperatures a much smaller percentage of silica 
will suffice. 

Saind to be used in moulding steel from a converter must be 
highly resistant to heat and should usually contain about 96 per 
cent of silica. No moulding .sand can contain 100 per cent of silica, 
as it would then*bc deficient in binding material and so could not 
be used for moulding. 
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Core sanjls also need to be specially high in silica, as the y)resenee 

of impurities may cause the sand to be hardened during the casting 
and so render its removal difflcidt. , < 

The proportion of silica required gimerally increases with the 
temperaturp of casting, as highly siliceous iftiiuls arc more refractory 
than those containing a lower proportion of silica. 

As some of the iiiqmrities in sand are silicates, the total silica 
shown by chemical analysis is not an accurate indication of the 
proportion of free silica present. Felspar, foi' example, which is 
frequently prc.scnt as an impurity in sands, contains about 05 per 
cent of silica in combination with jxitash, soda, or lime and alumina. 
Clay—anotlu^r compound of silica and alumina—(s)ntains 46-70 per 
cent of silica. Hencis in considering the propoi'tions of silica in a 
sand it is necessary to make an allowance for that yrortion of it 
which may be in combination and is, therefore, to be regarded as 
part of the impurities in th(^ sand. 

The effect of the various silica compounds sometimes prrssent 
in moulding sands is described in the section on MineraUxjical 
Compwition ([). 00). 

The silica is irn-gularly distributed throughout the sand, the 
larger grains containing a larger percentage of silica than the 
smalku' ones. Conseqmmtly, if a moulding sand is screened and 
the partid(!s less than 0 tK)2 in. iliameter are removed, the residue 
will usually be richer in silica. In other words, tlu^ impurities in 
a moidding sand tend to occui’ ehietly among th<! smalku' particles. 

Alumina, when present in monkling saml, is chiefly in tlu! form 
of clay, fels[)ar, and mica, though other alumino-silicates are 
sometimes present in very small proportions. 

The proportion of alumina which, according to Longmuir, 
sliould l)e present in iTioulding sands for various purposes is shown 
in Table XXXIV. 


Table XXXIV. Alumina permi.skiulk in MouijjiNo Sand 

COBKESI'ONDIN'C TO (^I.AV (KaOI.IN) 


Tyin: of (.'astiiii;. 

t 

• 

.Vluiiiin 1, 
jK't cunt. 

r«irr«‘H]ici]iiliim to 
Clay (Kaolhi). 
jH'f cunt. 

Light briiss. 

12 

:io 

Heavy brass and liglil iron 

10 

2f) 

Medium iron. 

H 

20 

Heavy iron. 

(i 

IT) 

Steel. 


3 


As a general rule, sands with more than 13 i)er cent of alumina 
should not be used. Lore sands should l)e low in alumina, that 
is to say, they should not contain any appreciable amount of clay. 

Where there is any appreciable ])roportion flf felspar or other 
alumino-silicatfs besides the clay, the proportion of the latter 
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cannot bo calculatol directly from the percentage of,alumina, so 
that care must Ik; taken in estimating the percentage of clay from 
a chemical analysis. Only the alumina present in the form of clay 
acts as a binding agent; the other alumina compounds arc dcivoid 
of binding power. • 

If the alumina is in the form of felspar or mica mueh of it will 
be retained on a 2o0-mesh sieve, but alumina in the form of clay 
will pass through the limwt sieves, as the particles of clay are 
cxtreiucly small, ileiua^, most of the*alumina in tlu^ foi'iii of clay 
can readily be removed by washing the .sand, but that in the f(n iu 
of felspar and mica cannot Ix^ se[)arated in any simjdc! manner, 
lor further information sec the section on Mineraloijiad Com¬ 
position (p. 90). 

Iron oxides are reporbxl in chemical analyses as ferric; o.vide 
(FcjO,), but the pca-centage so shown includes various other iron 
comjjounds. Tlus (iffeet of th(;se is di;scribed in the .section oti 
Minerahgiral Composition. As iron o.xide is a beneficial impiuity 
in a moulding sand, a relativi'ly high percentag(! is ihwiiable, 
providefl that the iron is in a suit.able stab; of combination. Mven 
in the most rcfi'actory moulding sands 2-3 |X!r c('nt of iron o.\ide 
does not appeal’ to be harmful, and for many purpo.ses a higher 
percentage is desirable. Whitst each case must be considered 
separately, it will usually be found that the total proportion of 
iron, expressed as ferric oxide, .should not exceed 0 per cent in a 
moulding sand to be used for (casting steel ; in on<; for casting 
other metals, it may sometimes be. as high as 11 or 12 [xu’ cent' 
as a ferruginous bond has very ilesirablo properties. Further 
information on the use of iron com pounds as bonds w ill be fouiul 
in the .section on Bomls (p. 1 lo). 

docs not occur in the free state in moulding sands, but 
is chiefly (uesent in the form of calcium carbonate (as limestone 
and chalk) and of various calcium silicates, as well as oahaum 
alumiuo-silieates analogous to and including lime-fels|)ar; the 
most important of tlie.se calcium compounds are described in 
Vol. 1. ]))). 190-193. In casting steel and other metals of very high 
melting pr)int, the moulding .sand should not contain more than 
0-5 jK-r cent of lime, that for casting iron not mon; tlwin l-o per 
cent of lime, but for casting brass 2’IS per cent of lime may bo 
present; and when easting metals of still lower melting i)oint, 
4-0 pm’ cent of lime does not apj»ar to be detrimental. Whilst 
these figures are of general application, sands have; brxrn u.scd 
successfully contauiing as much as 12 ixjr cent of lime, though 
such sands an; not to be recommended. 

Maijrusia does not occur as such in moulding sands, but in the 
form of mica and other complex magnesium silicates. As magnesium 
compounds act as fluxes and reduce the rofraetorim;ss of the sand, 
they should bo completely absent when possible, and, at least in 
the better qualities of moulding sand, the total magnesia pre.sent 
should not exceed 0-5 per cent (see p. 90). , 
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Alkalies-f-potiinainm and sodium compounds—may bo present 
in rnoidding sands eitlier as insolid)le alumino-silicates, sucb ••as 
felspar, mica, etc. (I. 184), or as soluble (chlorides (jr suli)hi*tes, • 
the latter being conveniently considered undei' the term " soluble 
salts.” Tlv! total |iereentage of potash and soda shown by analysis 
should b(! as low as possible preferably well below 1 per cent, 
as these substances greatly reduces th(? l■efl■aetol■iness of the sand 
and so tend to cause ” buruinj; on ” and other defects in thi; eastings. 

The Bunter sands are relatively rich in potash, which occurs 
chiefly in the form of fels))ar, but partly as mica, about 15 |H'r cent 
of these two minerals Ix-ing present in sonu^ of the.se sands (see 
'I'able .XX.WT. p. ill). According to Boswell, the be.st moulding 
sands should contain 0-5 to ()-7 ])er cent of soda and potash, and in 
no ease .should more than 1 per cent Ih' pr(!.sent, if llu? sands are 
to be used for easting steel and other metals of high melting point. 
For iron and most non-ferrous metals the ])roportion of alkalies 
liresent is usually of minor importanc(u iis the fels])ai' and mi(ta 
in which they are contained ilo not beghi to fns(^ at any t<mi])eratur(! 
Ixilow 1200"'C. 

'Pile losK OH iijnilion in a ilried moulding sand is usually so 
small that it need not Ik' considered. Whim it exceeds I ])er cent 
it indicaO's the ])resenee either of minerals, sneh as clay, contain¬ 
ing the elements of water in combination, or of organic^ matter. 
For further mfoi’mation .see p)i. 00-100. The effect of moisture in 
moulding sands is discus.sed on p. 100 later. 

Moisliiri'.- The moisture in a sand should not exceed about 
5 per cent, or various diflieulties may arise (see Jlimralofjical 
Com)mition, ]>. 100). 

'The ■■ total im}mrilies " is sometimes estimated by a method 
recommended by Ixi Chabilier, which consists in heating a weighed 
quantity of the sand with sulphuric, and hydrofluorii! acids, and 
weighing the residue left after gentle calcination. 'J'his treatment 
removes the silica and converts the metallic oxides into sulphates 
and fluorides. The method affords only a longh means of estimat¬ 
ing the impni itics piesent, because, as the combined silica has been 
remov'cd, the weight of the residuii is less than that of the total 
impurities.i Nevertheless, the method is useful as a means of 
controlling the quality of the sand. 

Table XXXV. shows the composition of various natural British 
and foreign moulding sands. Some of these sands vary considerably 
in comj)osition from time to time, the |)urer ones being much jnore 
constant than the rest. As the analyses are typical, the results 
are only shown to one decimal jflace. 

Additional analy.scs of these and other British and foreign 
mouldmg sands are given in Boswell’s Mcniom.^ 

• A Memoir on TiritUh Hemurcca of HrfracUmj Samla^ by P. (3. H. Ifoswoll 
('Taylor & Kram-is, London), and A Comparimn of l^riliali anil Ammcan 
Foundry Fraclke, by 1'. G. H. Boswoll (Univcrsily I’l-esa of Liverpool, Ltd., 
Liverpool). 
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Tahi.b XXXV.—Typical Analyses of Mouloino ^ands 



'7. 

«' 

c 


o 

□ 

u 

« 

4 

If 

ii-/J 

o— 

ft 

u 

ll 

Anjilosiea .... 

99-4 

9-2 

* 

0-1 

« 

* 

0-2 

8oulIi Cavo rofi 

79-7 

(i-.5 

8-9 

1 2 

0-3 

0-!) 

2-5 

„ yifllow 

9:bo 

:b3 

1-2 

9-4 

9-1 

1-5 

0-5 

(.!|y(lo Valley 

88-9 

5-2 

3-4 

1-9 

9-9 

0-1 

0-5 

ganustor 

94-8 

.3-2 

0-4 

9-2 

9-2 

0-8 

0-4 

SholHcUl ganistof 

90-2 

4-9 

2-9 

9-4 

* 

0-4 

2-3 

Ayltfsbury .... 

98-(i 

9-5 

« 

9-2 

9-1 

» 

0-4 

Iwoigliton Buz/anl 

99-4 

9-2 

0-3 

« 

* 

* 

01 

Kings Lynn 

98-({ 

9-9 

9-2 

9-1 

« 

* 

0-2 

Oliarhon .... 

95-9 

2-.3 

(t-5 

0-2 

* 

1-1 

0-9 

Bawti*oy, near DoiH'asU'r 

92tt 

3-9 

1-9 

0-3 

9-2 

2-0 

0-4 

Huttons Atnbo, Yorks. 

96ti 

1-5 

9-3 

9-1 

9-2 

9-« 

0-7 

St. ICrtb (Cornish nMl) 

8t)-r» 

4-5 

2-8 

9-5 

9-5 

3-4 

1-8 

Krith. 

8t)-8 

.7-(i 

2-5 

9-4 

9-8 

2-4 

1-5 

Belfast .... 

7.7-2 

8-3 

19 

4-2 

1-3 

4-1 

.7-3 

Birmingliain 

79-9 

IIS 

1-8 

3-9 

9-() 

2-1 

1-7 

KicUlerminster . 

8.7-7 

9-3 

1-4 

9-7 

0-5 

3-7 

1-7 

Mansfield rod 

88-4 

.7-1 

1-3 

9-2 

0-9 

2-8 

1-9 

Stourliridgo red 

84-0 

4-7 

5-4 

9-7 

0-5 

3-1 

M 

Wolverhampton riul 

8()-4 

9-4 

1-2 

0-.3 

9-4 

3-9 

1-7 

Woolwich (Thames sand) 

9:b8 

3-4 

9-5 

9-2 

« 

1-0 

M 

Workso]) .... 

88-9 

9-8 

9-9 

9-2 

0-2 

IS 

2-1 

Foreign — 








Belgian rod 

88-4 

4-7 

.7-2 

9-2 

0-1 

9-9 

0-4 

,, yellow . 

87-’) 

5-1 

i-T 

9-3 

0-4 

9-7 

2-9 

Fontainel>loau . 

99-5 

9-2 

* 

9-1 

« 

« 

0-2 

French (rod) 

90-1 

3-0 

2-5 

9-2 

0-3 

M 

2-8 

Ottawa (CJ.fS.A.) 

90-4 

0-3 

*■ 

9-1 

0-1 

« 

« 


• liHiicak'!* tliat loss than 0-1 per omit ts pro.sont. t Inoluiling oarbim illoxulo. 


Mlneralogical Composition.- Numerous minerals are present in 
moulding sand.s, but most of them arc in such small proportions 
that they may lie neglected. The following minerals are, on the 
contrary, of great importance, as the essential and characteristic 
projiertics of these sands arc largely diiif to them. 

T'hc proportion of some of these minerals may bo determined 
by microscopical examination, aided by the use of heavy liquids 
(I. 257) and by the analysis of the products obtained by mechanical 
analysis (1. 246), but the more usual course is to calculate the 
mineralogical composition from the results of a chemical analysis, 
as described in Vol. I. p. 240. 

The calculation of the mineralogical composition is unreliable 
when applied to sand which has been made into a mould and so 
used, as some of the clay in it will then have been decomposed and 
will have lost its binding properties. Hence, it is always desirable 
to compare the mineralogical composition with those pf a mechanical 
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analysis. Th typical (calculated) luineralogical composition of 
various moulding sands is shown in Table XXXVT. 


Table XXXVI. —Minekalooical (.Composition of Typical 
Moulding Sands* 



Quartz. 

Fds|iathic 

.Matter. 

flay.t 

Llmuiilte.§ 

HritUh — 





Anglesea. 

98-7 

1-0 


* 

South Cave red 

()()■() 

in*o 

9*5 

8-9 

„ yellow 

s:i:i 

12*»> 

2*9 

12 

(;iy<li> Vnll.^y .... 

77-0 

12*5 

7 *5 

4 0 

Clycio t. 

8(l*2 

12*8 

70 


(Uenboig ganistcr . 

87*(> 

7*5 

oO 

0-5 

Sheffield ganister . 

8:i*8 

r>() 

8-0 

9 0 

Aylesbury .... 

97-0 

1*9 

0*7 


Leighton Huzzard . 

90*2 

• 

Ou 

0-9 

Kings Lynn .... 

97*2 

0-0 

2 0 

0-2 

Charlton. 

88*(> 

HI 

2*9 

0-0 

Bawt?*ey, neai- Doncaslor 

82*2 

l.')*0 

0*7 

1-2 

ITuttons Atnbo, Yorksliiro . 

92*9 

n*7 

l-l 

0-9 

St. 1‘h‘th {Cornish red) . 

(>9 1 

27-r. 


9-9 

Krith. 

70*4 

22*5 

40 

9-0 

Erith t . 

74* 1 

11*4 

I4r> 


Bultiist. 

r,()-(i 

;i:i*8 

5* 5 

M» 

Birininghani .... 

rd)*5 

95*0 

12-1 

1-8 

Kj<lderininsler 

06-5 

281 

9-9 

10 

Kiihlerniinster + . . . 

79-(l 

19 *9 

7-7 


Maiisfiohl red .... 

7:mi 

22*0 

2-7 

1-5 

Mansfield J . ... 

79*4 

22*4 

4-2 


Stourbridge red 

««*7 

27*0 

» 

0-9 

Stourbridge J ... 

()()*(i 

29 *5 

10-5 


Wolverhampton red 

(37 *4 

27*0 

9-7 

1-4 

Woolwieh (1.’l>aines sand) 

80*4 

18*8 


0-0 

Worksop .... 

Tfl-r, 

n*9 

11-7 

0-7 

Worksop X ... . 

74*U 

12*9 

120 


Foreign— 


8-» 

7-5 

(>i 

Belgian red . 

77-fi 

„ yellow 

78-9 

8*7 

9-0 

9-0 

Fontainebleau 

99*1 

0*0 

0-2 


French red .... 

8:i*2 

10*0 

3-0 

2-9 

Ottawa (U.S.A.) 

98*5 

1*2 

0-2 


Brandohburg + . . • • 

87 ll 

2*5 

10-2 


Hanover X ... . 

8(>'l 

0*4 

7-.5 


American “ average ” ; 
American “ idoal ” + 

(35 *5 

12*7 

21-8 


84*0 

2*5 

19-5 

_. 


■cut silica, 40 ixT cent alumina, and 14 jier 


• Indicates less than 01 jier irent present, 
t Assumed to have tlie composition—40 j>cr < 
cent water, etc. . ,. , , 

t Figures published by Moldenke showing the great variations in some days irom the 

§ The whole of the iron conipoimds arc a-ssnined to exist as llmoidte (I. 180) and also 
contain 7*4 per cent of calcium carbonate. 


Note.—T ho percentages of feUpathio matter ami clay obtained by 
calculation are often far from reliable, os a srnnll difference in the percentage 
of lime, magnesia, or alkalies makes a large difference in the felspathic matter. 
The results of S’jch a calculation must theiiifore be received with caution. 
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As shown in Table XXXVI. the percentage of qujntz or free 
silica may be as low as 60, or as high as 95 per cent. The clay 
<may, vary from practically nil to as much as 40 per cent, whilst the 
fluxes (consisting chiefly of felsjjar, decomposed and iindecomposed 
mica, etc.) may vary vtvy considerably, a,s much as :3() ])er cent 
being present in some moulding sands whi<fh give quite satisfactory 
results in the foundry, and the " limonito” varies from nil to 12 
j)er cent. 

There is no standard composition fof moulding sands, and though 
the American “ ideal ” has btien stated by Moldenke to l)o that 
shown in Table XXXVI., recent investigations by Poswell .show 
wide variations both from the ideal and the average figures given 
by Moldenke. The moulding sands now in geniual u.se in the 
United States are more siliceous and contain iews clay and iron 
oxides than thos(^ u.sed hi this country ; consequently, they have 
to be “ pnqiared ” by the incorporation of lireclay or othm- bond 
(p. 115). Aiiuuican moulding sands with a natural bond are only' 
found in New .ler.sey, but, according to Boswell, these sands contain 
much less alumina and iron oxide than the corresponding Biitish 
sands, and molasses, flour, dextiin, or some other bond is usually 
added. The niineralogical composition of th<‘ moulding sands 
used in Great Britain vai'ies so gieatly, according to the purposes 
for which they are used, that no average figure would be of any value. 

Turning to the important minerals present in the sands, the 
following obseivations may bo made: 

Quartz is the chief and most important mineral pre.scnt; yet 
a sand which consisted of pure quartz would bo useless for moulding, 
as it would lack plastiiaty and <!ohesion. The percentage of quartz 
should therefore be as high as possible, consistent with the essential 
phy.sical properties of the sand. The ellect of th<‘ size and shapi; 
of the particles of quartz on the jiroperties of the sand is described 
later. 

Clay is nearly always j)re.sent in moulding sands iind may be 
regarded as a necessary constituent, becau.se it binds together the 
particles of sand and so forms a strong mass which will resist the 
abrasive action of the molten metal. For this reason the strength 
of a moulding sand dcjiends chiefly, though not who%, on the 
proportion and nature of the clay presenf (see p. 93). 

Many sands contain naturally sufficient clay to render the 
material quite satisfactory for moulding ; thus, loams are sandy 
clays or clayey sands, some of which are among the best moulding 
sands. In some cases an artificial mixture of fireclay and alluvial 
sand is employed, in others several natural sands are mixed together 
in order to produce a material possessing the desired properties. 
Some sands which are not sufficiently cohesive or plastic are 
improved by the addition of a suitable proportion of water con¬ 
taining clay in suspension. 

In considering the effect of clay on the moulding properties 
of a sand it is necessary to pay attention to (i.) the pyrity or other- 
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wise of the clay, (ii.) its plaslirity, (iii.) its bindiiig power, aiiH 

(iv.) the proportion of clay present. , 

The compo.s'i7(oR of Ihe. clay is im])ortaiit, because some impujities, 
in it may lower the refraetoriness of the sand and cause the lattei’ 
to adhere to the metal, and as most oLtlu^ impurities are non- 
jdastie they reduet; Ihe binding power of the clay. Apart from 
any iron oxide (ferric oxide) which may be a constituent of the clay, 
the clay present in a moulding sand (no matter whether it is jiresent 
naturally or introduced art/'lieially) slioidd be as pure as possible. 
Th(' i)re.sence of mon^ than a very small percentage of soda, jxitash, 
lime, and magnesia is objectionable, as all the.se substances rediuai 
the heat resistance of the sand and tend to make it. adlu'n^ to the 
imdal, as well as closing the i)ores in the mould and so preventing 
the normal escape of air and gases. .\ eonsideriable ])ereentage 
of very fiiu^ silica tlonr (’' rock-dust ’ which occurs in some clays, 
is also objectiotiable, as such material has no binding power (and 
therefore reduces the binding iiowan- of Ihe clay) and also increases 
the ])ropoi tion of und(>sirably small grains of .silica. 

It is souudimes stated that the clay occurring in or to be added 
to a moulding sand should ” not b(‘ tf )0 jnire,” as it would lack 
binding power ; this is a mistake', as the bintling ])ow('r is a phy.sical 
property of the clay and has nothing to do with the impurities 
present in it. On the contrary, it is merely a coineidt'iice that 
some of the most plastic cljiys aie lai' Irom pure. Where th(> elay 
occurs naturally mixed with the sand littke can be done to effect 
its puriliealion, as any treatment which ri'inoves the impurities 
in the clay will also separate the cla.\- from the sand. When 
artilieial mixtures of clay and sand are used a sufficiently pure 
clay can generally be obtained. 

In examining a natural immlding .sand it is im|)ortant to sc])arate 
the clay present by sieves (1. 24(i) or elutriation (1. 252) ami to 
investigate it thoroughly, as many defects in castings which are 
attributed to the moulding sand have their origin in the clayey 
portion of the sand (see Artificial Honils, p. 114). 

The plasticity of a clay is not of great importanca^ as regards 
its usefulness in a moulding sand, but it is a vahiabh^ indirect 
indication, sin<'e most plastic clays possess a high binding power. 

Tlu! hlwlimj potcer of /In; clay in a moulding sand is probably 
its most important characteristic, as this property determines the 
cohesion or plasticity of the sand as a whole. The greater the 
binding power of the clay, the smaller will be the projjortion of 
clay required in order to produce a good moulding sand. The 
binding pow'cr of a clav is best determined as described in 
Vol. I. p. 200. 

When any clay has been treated throughout to a temperature 
of 500° C. it is decomposed and, conse(piently, its binding power 
is destroyed. No treatment (aunmer ially practicabh^ can then 
restore the binding power to the clay. If, on tlw contrary, heating 
has merely been sufficient to dry the clay, but not to decompose 
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ft, or only to decompose it to a small extent, it will regain the 
groater part of its binding power when mixed with a suitable 
^proportion (usually about 20 per cent) of water. The recovery 
of binding power is reduced a.s the temperature of 500“ C. is 
approached, because (days decompose at all temperatures above 
100° C., and therefore cannot regain the whoht of tluiir binding 
power ; after heating for a suflicient tiuu' to .500° (!. or above, 
however, none of this power can b(! restored. Th(( fact that any 
restoration whatev(!r is po.ssible i.s du<- solely to .some of the clay 
not having been decomposed by the heat. This is a result of 
the very low heat condiKdivity of clay and sand, which prevents 
the clay from being decompo.9ed very rapidly, except at very high 
temperatures. 

The decomposition of the clay when heated is also increased 
by the presence of lime, magne.sia, |)otash, and srwla, and by using 
some of their compounds which combine with the clay, forming 
non-])lastic aluniino-silieates. This is one reason why a moulding 
sand should be as fn'c as possible from .su(di fluxes. 

The percentage of clay permissible in a moulding sand varies 
with the binding ])ower of the clay and the nature of the metid 
to be cast, so that no very definite^ figure can be given. As the 
only purpose of the clay is to bind tlie particles of sand together 
sufficiently W('ll to give the mould the desired strength, any 
additional clay is objectionable ; it is not merely usele.ss, it reduces 
the p(irmeabiiity of the mould and so tends to cause cracks, and 
in the case of cores it hardens the sand so much as to make the 
removid of the cores very diffunlt, as they do not break readily. 
Clay also increases tlu! shrinkage of the moulds and so tends to 
produce distort((d or undensized castings, ('onsequcntly the 
proportion of <day pre.sent in or add(d to the .sand .should bo as 
low as possible, consistent with the production of the requisite 
cohe.sion or plasticity of the sand. The exact properties can only 
be found by trial (.see the test for binding power of a moulding 
sand in \'ol. I. p. 266. 

The proportion of clay in natural moulding .sands varies accord¬ 
ing to their formation, the liner sands usually containing more 
clay than the coarser ones. Much of the clay can b(( rciiioved by 
separating the smaller particles by meads of a sieve, though there 
is always some risk of spoiling the sand by taking out too largo 
a prop(")rtion of the clay. The proportion of clay required in a 
moulding .sand depends very largely on the surface area of the 
sand, i.e. on the total area of the surface of all the individual grains 
(I. 211). This is important, because the clay should, theondically, 
cover each grain of sand with a film of just sufficient thickness 
to enable other grains to adhere to it. Consequently, if the same 
proportion of clay is present in two sands, one of which consists 
of very large grains, and so has a small .surface area, whilst the 
other consists of vary small grains, and. so has a large surface area, 
the sands will behave quite differently. The finer saqd will require 
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the addition of more clay in order that it may bo as “ strong " 
as the coarser sand. Alternatively, if a sufficient quantity of cl^y 
is present in the finer sand, the coarser one will contain an eX);cs.s 
of clay. In other words, with a definite amount of bond present 
in a sand, the coarser the grains the stijonger will be the bond 
within ordidary limits ; in an exceptionally coarsen sand the reduced 
conta(!t area bctw<'cn the particles |)roduces larger s|)aces between 
the grains, and consequently enough additional ilay fo fill these 
voids is required. 

The amount of clay or bond divided by the surface; area of the 
sand gives a useful figure for compariTig sands ; it is termed the 
“ bond d(;nsity ” and, according to Hanley and Simonds, is a more 
reliable guide to the relative strength of sands than any other 
single property possessed by them. 

The proportions of clay permissible in various kinds of moidding 
sands are roughly as follows : Kor light castings, a sand containing 
only a small proportion of clay shouUl be usetl, but tor heavier 
castings the proportion of clay present should be greater, as heavy 
eastings requirr; a stronger sand. Sands used for dry sand work 
must usually contain a greater ])ro])ortion of clay than thos(; used 
for green .sand moulds, so as to allow' the sand after drying to be 
firm and stable. 

Floor or backimj mndu reipdre a moderate |)ropoition of clay 
in their composition, as th(;y must be fairly strong ; an <*xcess, 
however, is undesirable, as such sands must be sufficiently permeabh; 
to allow tin; air and gases to pass freely through the mould. The 
average ])roportion of clay which gives the best results in a floor 
sand is about 0 per cent ; larger ))ro|«)rtions are used where a more 
adhesive material is r(;quired, though an organic binder is then 
often added instead of more clay, as such a l)inder does not harden 
the mould when in use. Sands used for loam moulding without 
a pattern should <;ontain a moderate pro])ortion of clay, but an 
excess must bo avoided or the sand will contract unduly and w'ill 
not be sufficiently porous. More clay is required than in sand for 
box-moulding, as the loam must be hard enough to be rubbed 
gently whilst in the dry state without being too friable. A good 
test for a loam is that, wh(;n dried in an oven, it should bak(; hard 
and strong’and not show b*idu<; shrinkage. A useful compo.sition 
Ls 60 per cent of quartz and 40 per cent of grains less than 0-007 in. 
diameter, containing the silt, clay, and fluxes. The face of the 
mould should usually (smtain a high proportion of sand so as to 
resist the intense heat of th(; molten metal. 

The high percentage of day in many loams doses the pores 
of the material and makes it unsuitable for moulding purposes, 
unless certain other materials such as .sawdust, horse-dung, straw- 
chaff, plasterer's hair, bran, or chopped tow are added to form 
channels which allow tlu; free escape of the air and gases generated 
at the time of casting. Good natural loams» are not usually 
abundant, so that it is generally nece.ssary to make them artificially. 
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lor the siliceous part of artificial loams, river sand or crushed 
s^d-rocks ar<f very satisfatfiory, sea sand l)eing sonrfetimes used, 
, though it is less desirable, as it tends to introduce soluble salts 
into the mat<u-ial. In general, about 1 part of clay is us(‘d to 
4-6 parts of sand. The actual pro[)crties of sand and clay in loams 
for nuital casting vary considerably and are mostly ‘regarded as 
secrets. Eadi foundryman has certain mixtures of loam and sand 
which he prefers to all others, aiul, in sotm^ ca.ses, he compounds 
his own loams by mixing clay and san«f in tlie requisite proportions, 
with or without the addition of liorse-dung, etc. 

(hre satul,i should not (contain more day than is absolutely 
(«sential, as the tetnperature to which they are lieated is very 
great and the day becomes baked and hard, making the cores 
very difficult to remove. 

Haw clay is undesirable in pnrtiwj mmls, .is the presence in 
them of a binder is not otdy unnecessary but harmful, and may 
cau.se the various pro[)ortions of the mould to adhere ^stead of 
keeping them siqiarate. A jiarting sand should consist wholly 
of small non-plastic particles of .sand, but a little day which has 
been thoroughly Imnied (p. fill) will do no harm, a.s it has lost 
its plasticity. Parting .sands usually consist either of a clean sea 
or river sand containing no appredabh* amount of day, burnt sand, 
in whiidi all the day has beim hardened and rendered non-])lastic, 
brick-dust, which consists of burnt day, or cinder-dust. 

01(1 or lined, namls arc deficient ill binding powei' on account 
of some of the clay originally present having been ihsamiposed 
by the heated metal when in use. Such sands may, in some laises, 
be “ restored ” by screening and tlu'ii mixing tliimi with a sufficient 
proportion of new' strong sand (i.e,. oni^ containing an excess of clay) 
or with a little ham day ; the plasticity, cohesiveness, and strength 
of the produid will depend on the amount of undecomposed clay 
left in the used sand. Many facing sands used in foundries consi.st 
of 2,') to 75 per cent of old sand mixed with new strong sand. New 
sand is preferable for brass and all non-ferrous alloys, 1-2 parts 
of pea- or bean-meal or flour being mixed with each bushel of sand. 

In addition to the use of clay in sands as a binding material, 
bumed clay in the form of old fire-bricks and crucibles is sometimes 
added as an opening material, and also to secure a highly refractory 
sand. This is espialally the ca-st^ in the “ (knupos ” used as facing 
sands in casting steel (see p. 79). 

Fluxing Minerals or Fluxes arc those which combine with silica 
or any other constituents in the sand and form fusible compounds, 
some of wliich melt when the molten metal is in the mould. This 
is very objectionable, as the fused material may adhere to the metal 
(see ■“ burning on,” p. 80) or it may flow and fill some of the pores 
in the sand, and by preventing the prot>er escape of the air and 
gases, it may cause ” scabs " (p, 80) and othei’ defects. When 
a sand containing partially fu.sed material is allowed to cool, it 
will bo found to contain hard masses of material which cannot 
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be used as sand unless they are re-ground. Even after such treat¬ 
ment the re-hse of such sand is undesirable, as the proportion of 
fusible material increases and in a short time the sand is rendeued 
quite useless. 

The efffeet of fluxes on any given moidding sand dc[X'nds on 
the conditions imdcr which the sand is used. Thus (a) if the 
temperature attained is below that at which the flux forms a fused 
compound, little or no harm will be done; but once fusion occurs, 
the defects previously inentiortcd may be produced. Consequently, 
for metals cast at temperatures above 1200° C., the moulding 
sand should Iw as free as possibh; from fluxess and contain not more 
than 2-3 ikw cent of magnesia, lime, potash, and soda; in the l)est 
moulding sands, the total proportion of these oxides will not exceed 
1-.') per cent, {b) If the proportion of flux is very small, its effects 
may be inappreciable, (c) Th(! nature of the casting to be produced 
also influences the effect of a flux. 

When ft casting is thin it cools rapidly, and the mould is not 
subjected to a prolonged heating, .so that a considerable proiX)rtion 
of flu.xes may be present without detriment, but with heavy castings 
the mould is kept at a high temperature for a considerable time, 
and any fluxes present are sure to nact with the silica and form 
a fused product; for such castings, therefore, it is iirqwrtant that 
the proportion of fluxes should bo iis low as possible. The most 
important fluxes in moulding sands are soda, potash, lime and 
magnesia and their comjmunds ; these, substances occur chiefly 
in the form of f(!lsj)ar, mica, calcium carbonate (chalk and limestone), 
and various “ soluble salts ” (p. 98). The proportion of fluxes 
naturally present in moulding samIs vari(« considerably, but tlu! 
smaller particles (“ fine sands ”) usually (iontain the larger pro¬ 
portion of flirxes, and so shoidd be absent or removed its far as 
{Kjssible when refractory moulding sands arc requirt^d. 

Limestone, citalk, or other forms of calcium caibonate are 
objectionable m moulding .sands if any part of them is likely to be 
raised to a temperature of 7.50° C., as at this tem|)craturo calcium 
carbonate evolves carbon <lioxido gas, which gives the easting a 
rough or pitted surface. At .still higher temperatures the residtant 
lime combines with the .sand and fuses, forming a very fluid slag 
which flows into the intcrsftccs and blocks them, thus reducing 
the permeability of the sand. Calcium carbonate is very un¬ 
desirable in parting sand, as it has the o|)posite effect to that 
which is desired and increases instead of reducing the adhe.sion 
of the sand. 

In core sands, calcium carbonate increases the amount of oil 
required for binding, and makes the (iores so hard that they are 
difficult to remove after use. 

Magnesium compounds occur to so small an extent in moulding 
sands and are so difficult to identify therein, that they may without 
serious error be regarded as having the same pi'ojxirties as the 
corresponding calcium minerals, of which limestone, chalk, and 
von. II H 
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Organic Matter, when naturally present in a sand, is usually 
of vegetable origin (I. 200). It may also bo introduoecfaccidentally 
into the sand as a re.sult of bad working, by whieh some of the 
overburden may have been mixed with the sand, or of water 
carrying carbonaceous matter in solution or susjxinsion percolating 
through the bed (I. 200). Organic vegetable matter is usually 
harmful, and, as a general role, sands containing more than 1 per 
cent should bis avoided, especially if they are to l)c used for cores. 

Carbonaceous matter, including s'ome organic matter, is fre¬ 
quently added to moulding sands to increase their permeability and 
to produce a smoother face on the casting. (Sec Preparation of 
Moulding Saruls, p. 113.) 

Water, whilst not often regarded as a mineral, may conveniently 
be consuhsred in this section. The presence of water (moisture) in 
a moulding sand is sometimes a serious disadvantage, whieh can 
only be avoided by (iarefidly drying the sand before use. A per¬ 
fectly dry and moisture-free sand is too friable to be u.scd ; a small 
proportion of moisture (unless oil is used) must always bo present 
to develop suflieient jdasticity in the sand to enable it to be made 
into the desired shape. Beyond this small proportion of water 
(whieh seldom exceeds .5 per cent of the weight of the sand, unless 
the latter is very line and, having a larger sur-fae(^ area, requires 
more water) any excess is harmful, as it reduces the strength of the 
mould and also int(!rferes with the permeability of the mould if the 
green sand method (p. 70) or loam moulding (p. 70) is used, 
flence, if a moulding sand contains more than about per (ient of 
moisture, as is frequently the ease, it should be dried until its 
moisture-eont(;nt is reduced to the amount just mentioned. Some 
of the Bunter sands, for example, contain 13 jK!r cent or more of 
water, and should be dried until they contain about 4 per cent, in 
order to secure the best results. 

A rough, y<d. convenient, test for a serious exe(^.ss of water in a 
moulding saiid is to press a sample into the shape of a ball in the 
hand. If any sand adheres to the skin the material is probably too 
wet to be satisfactory. It is much better to have the percentage of 
moisture determined in a proper manner (I. 238). 

Unfortunately, many foundryinen are very carele.ss with regard 
to the amount of moisture in moulding sands, in spite of the fact 
that it has such a profound influence on the strength of the moulds. 
This is well shown by Table XXXVII., due to F, A. Hayes, whieh 
shows the result of determinations of moisture on several days in 
the sand from different floors of the same foundry, all the men on 
which were using the same sand for the same general class of work. 

It will bo seen that there was a difference of 3-77 per cent in 
the moisture-content of Pile No. 2 on two different days, and smaller 
variations in the other piles. Although these differences might be 
explained by the fact that different moulders ram the sand to 
different extents «nd, therefore, require sands of different dampness, 
yet this does not account for the variations in any one pile. As it 



MOISTURE IN MOULDING SANDS 101 

• • 


TaAk XXXVII.— Variations OF MoiSTUJtK JN 8anI>S 


Pile Numlwrs . 


2 

3 

4 

5 

0 

7 

• 

8 

• 

First (Jay . 

4-70 

414 

,^■18 

r.-58 

5fi3 

(Ml 

([•45 

r)t:i 

Fiftli day . 

5-41 

714 

6-07 

5 113 

4-82 

5-!)4 

(i-4(i 

8-78 

TeritJi day. 

4-32 

7 1)1 

0-47 

7-Oti 






is (isscntial, especially in green sand moulding, that tlie moisture 
should be uniformly di.stributed through the sand and kept as 
constant as fxissible, there is («n.siderable scope for better control 
and more efficient mixing or tempering of tin? sand in some foundries, 
even when a single sand is used. 

The chief effects of an excess of water in a moulding sand are : 

1. Moulds made of wet sand are weaker than those made of 
sand containing only 4-5 per cent of moisture. The effect of water 
on the crushing stnmgth of moulding sands is shown in Table 
XXXVIII., due to Moldenke. 


Tarck XXXVlll.— CuesHiNu ,S'rjiKN(iTir op Mooliung Sands 
( lb. por sq. in.) 


Kind (i[ Sand. 

N<*. of 
'I'fsts. 

r* per 
\Vutfr. 

71 per c-nt 
Wiitcr. 

10 per n-nt 
Wntcr. 

Dry. 

Fiiio .... 

18 

311 

2-117 

2-48 

7-82 

Modiurii . 

10 

4-03 

3-28 

2-;i8 

13'70 

Coarse 

48 

4-82 

3-43 

3-08 

14-21> 

Specially stronj^ 


3-.-i7 

2-70 

.3:t2 

00-30 


The renyirkablo increase, after drying, in the strength of the last 
sand in Table XXXVIII. slftmld be noted. 

The amount of water required to develop the full strength of a 
sand varies according to the moisture in the sand, the proportion 
of voids, the total surface area of the grains (f. 211), and the amount 
of clay present. The maximum strength will lie obtained by adding 
water up to a certain limit, but an increase beyond that amount 
will separate the grains unduly and will decrease the porosity. 

Table XXXIX., duo to A. L. Curtis, shows the jiroportions of 
water required to produce the maximum strength in the sands 
investigated by him. 

In each case the percentage of W'ater required i* quite small, and 
justifies the recommendation previously made that the proportion 
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Taulk XXXIX. —VVatku uicQUiRKn to dkvklop Maxth^m Stbength 


iSouifc of Sand. 


Stafforflsliiro . 
Worksop 

Koo Park, Clicshii 
Kimcorn 
Stourport 
Devonshiro 
Birmingliam . 
Cuml)erian(l . 


Ainoiiiit of SViitiT. 


() per cenv 


•I 

4 

5 

3-8 


of water in a moulding sand should not usually exceed 4-5 per 
cent. 

2. Moulds made of very wet sand shrink when dried, and arc 
liable to produce utuhirsi/.ed or distorted eastings. 

3. Moulds made from wet sands are less permeable thau those 
made of sands containing only 4-5 per cent of moisture, aud if such 
moulds are dried before use the shrinkage may have serious results 
(see 2, above). 

4. Moulds made with wet sands and afterwards imperfectly 

dried are liable to be ilaugerous to the workmen, as well as certain 
to produese defective eastings. Tt is etimparatively easy to dry 
small moulds, but the larger ernes useed for heavy eastings esin emiy 
be ilried superlicially ; whem this is the case', the- inte'rior e)f the mass 
of sand remains damp. When thee molten metal is yieeeired into the 
memid, the meeistiiree present in the semel is eonverte'el inte) steam 
and shoulel eeseeape, along with any othe'r geises, thremgh the pore- 
spaeeees and vents in the memlel. Thee effect eef any .surplus amount 
of water is not serieeus, provided the mould is sulIicieMitly porems to 
allow iill tiles meiisture and gases to escape ra]>ielly, but, unfeirtun- 
ately, meiulels containing meiLsture are neit sei pesrous as those made 
from dry sand, as a film of water .surrounds each grain of sanel and 
fills up part eif the voids between them, thus giving a smaller 
effective peire-spaee. They are also less pernmable, as this water 
greatly increases the re'sistanee offereed by the moulel to, the passage 
of steam er gasecs. ‘ 

If the proportion of moisture in the moulel is at all considerable, 
its convension into .steam may cause the mould to shrink, as the 
particles of sand go edoser together after the removal of the water. 
This is ne>t seerienis if the proportion of moisture is suffie iently low, 
but if it is high, the memid may be dcfeirmed anel so proeluco a 
defective casting or an explosion may oce'ur. Molelenke teested 
the permeability of the three moulding sands containing varying 
pre>portions of water, by determining the number of seconds 
necessary to drive 1 gallon of air through a I in. orifice on one 
side of a block bf the sand 1 in. thieik, the other side being open 
to the atmosphere. The results are shown in Tablp XL. 
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T.vni.K Xli— Pkrmkabit.ity of Muflds 


Kiiiil of Sand. 

• 

\o. of Tosts. 

SpfoiidB rcqiiiml fur 1 
throii^ili 1 

Jidloti tif Wider to |k»ss . 
ill. JlliK-k. * 

() JUT ernt 

VViihT. 

• 

74 |«T 

W tiler. 

ID per ei'iit 
Water. 

l>ry Sand. 

Fine . 

18 

dir> 

l-.'5 

2-1 

1-2!) 

Moiliuni . 

10 

0-(i8 

O-So 

110 

OIKJ 

Coarse. 

■48 

0-81» 

lilt 

1-70 

0-07 


It will be seen that the moulds (^ontaininf' a small jiroportioii of 
water have a greater ]>ermeability thaii those made of ilry sand, 
except in the ease of the fine sand, when it is most ]iermeabl(! in 
the dry state. 

A further defect caused by the? use of a mould in which tlu^ sand 
is too wet is that, wlwm the molten iron comes iido contact with 
the sand, scabs occur because the gas and steam generated by the 
heat cannot escape sufficiently rapidly through tlu^ pores in tin; 
mould, but, on the, (•ontrary, push oid a portion of tlu^ drier sand 
to the molten iron, so that rough lumps are left on the casting. 
During th(> time the scavbbing is taking place the gases follow the 
line of least resistance by jiassing through the molten iron into the 
runner gates and risers with a series of pulTi; and blows, whidi are 
actually small explosioTis. 

5. Wet sand will not mix well with some binders, so that 
when the latter are used the sand must Ik^ thoroughly dried before 
being mixed. 

(i. Different metals require different amounts of moistim! in 
the mould at the time of easting. With aluminium, for examph^, 
the sand should be as dry as possible, as it is most important to 
avoid a large (solution of gas. In iron-founding this is not so 
important, as molten iron is heavy and dense and the gases take 
the line of least resistance, which invariably lies thnmgh the sand. 
Aluminiufli is so much lighter and less dense that it has only one- 
third of the resistance to the gases, with ttu^ result that of two 
casts made under identical conditions an iron caisting might be 
piirfeetly sound and the aluminium one “ blown,” owing to the 
smaller re.sistanee of the molten aluminium. If it is necessary to 
use a slightly damp mould for aluminium, it should be given a 
more open and permeable textun^ than \isual by ramming it as 
lightly as possible and paying special attention to the use; of a sand 
with a larger proportion of voids, so as to facilitate the passage 
of the gases through the sand. 

7. The cost of drying the, moulds is inueli, greater than that 
of drying the sand, so that the use of wad sand, wliieh necessitates 
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■further drying of the moulds, is extravagant both in fuel and labour. 
It is j)articularly necessary to dry the sand to be used for making 

, OOIJOS. 

8. To avoid using a wet sand, some moulders go to the other 
extreme and dry the mould so thoroughly that all moisture is 
driven out and the clay in the moulding sand is partially baked. 
This creates other difficulties in casting, particularly with such 
a metal as aluminium alloys, which have a high shrinkage and 
a pasty condition at high temperaturou. Over-dried moulds would, 
unless speedily oa.sed after casting, cau.so the casting to crack, by 
offering n resistance at a time when the metal was in its weakest 
phase. 

Some sands, when dried gently and without overheating, form 
a compact and coherent yet porous mass ; others form friable 
masses when dried, and so cannot be luscd in this state unle.ss they 
have previously been mixisl with a siwcial binder. Mansfield, 
Staffordshire, and Erith sands may be used as dry facing sands 
either alone or mixed with horse-dung. Rock .sands contain 
practically no moisture, and are generally used for dry sand work, 
an added binder being generally necessary. Various mixtures of 
clayey sands (loam) and other sands are also often used as dry 
sands. 

Dry sands are preferable for ca.sting brass, as when thoroughly 
dry they may bo tamped harder than when in the green state. 
When green-sand moulds are used for bra.ss they should be much 
drier than those used for <'asting iron. 

Shape of Sand Grains.—Tlu; (juestion as to what is the best 
shape for the grains in a moulding sand has frequently been discussed, 
but no general agrcemimt thereon has yet been reached. In investi¬ 
gating this problem there are three factors to be considered : 

(а) Which shape of grain will produce a mass with the maximum 

strength ? 

(б) Which shape of grain will produce the requisite porosity 

and ijcrmcability in the mould ? 

(c) Which shape of grain will produce the desired smoothness 
on the surface of the casting ? 

To obtain the maximum strength the grains shoidd 'be sharply 
angular and interlock so as not to be moved when in contact with 
the molten metal. Interlocking grains will not produce the maxi¬ 
mum porosity, as sharp angular grains are inferior in this respect 
to rounded grains, which have no interlocking power. Rounded 
grains also give a more permeable mass for the same pore-space 
than angular grains, on account of the greater smoothness of their 
surfaees and eonsequent smaller frictional resistance to the passage 
of gases. It is therefore necessary to compromise, and where 
strength and resistance to abrasion are necessary (as, in facing 
sands) a sharp angular sand must be employed, whilst where 
strength is not of such great importance a more^ rounded sand 
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may be used so as to’ secure a greater porosity. A great ad\antage 
possessed by*round grains is that they will still give a porous ".lass, 
however hard they are ramnuid, whereas ahar)i grains Ix'caine < 
interlocked and so reduce the jwrosity. Moreover, wlu'ii a sand 
consisting of sharp grains is rammed, tho*' nearest the set of the 
blows will be closely interlocked, but tho.se further avav will not 
be appreciably affected. Consetpiently, the mould will not be 
homogeneous and the easting may swell at those parts where the 
sand is too open. This defeat may be partly avoide<l by ramming 
in thin layers at a time, but with rounded grains this is not ncces.sary, 
as the pressure is transmitted from grain to grain and none of the 
particles are packed too lightly. The great popularity of some 
well-luiown foundry sands, such as the Jhdgian yellow sand, is 
largely dms to the fact that they consist ehielly of roiiwled grains 
and .so are easy to use. For this rea.son some fonndryinen always 
form the backing of the mould with a sand consisting of rounded 
grains. 

Some core saruk have rounded and others have sh.ar]) grains ; 
the latter form a .strong mass, which is often nece.s.sarv for <a)re 
work. Kook .sands are very desirable for making cores, both on 
account of their sharpness and also on .account of their purity 
(p. 87). Granite sands are angular in grain, and when they contain 
or are mixed with a small quantity of (day, they form a very 
suitable core sand where angular grains are recpiired. On the 
other hand, the most cffecliye y(mting of the mould is obtained 
with a round-grained sand, so that ea(di moulder must decide! whierh 
land of grain would be, the best for the ))artieular work in hand ; 
thus, whore sp(!cially good venting is necessary, as in smidl cor(!S, 
rounded grained sands must sometinuis be cmployesl in ord(!r to 
assist the gases to escape. Sea sand in conjunction with oil (p. 117) 
is often used for cores. 

Varlimj sands should preferably have round grains, as they are 
us(!d to |)rev(!nt the various portions of tlu! mould from adhering 
to each other. A used or l)urnt facing sand is generally v(!ry 
satisfactory for this purpo.se. 

Sizes ol Sand Grains. —The size of the grains of sand in a mould¬ 
ing compojjition is important, as on it d(!jx3nds the ability of the 
sand to get rid of gases dvolved during and after (!asting, and 
therefore to prevent the formation of blow-holes in the metal. 

To secure a maximum ])ermcability, the grains should !«■ of 
uniform size, grading (p. 35) being undesirable, as a fine sand 
having grains of approximately uniform size has a greater perrne- 
abiUty than one containing grains of various sizes, the smaller ones 
filling up the interstices between the larger grains and so decreasing 
the total proportion of voids. For this reason, the proportion of 
silt and very fine sand sh(juld be as low as possible, preferably 
not more than about 10 per cent. Provided they are not so large 
as to produce a very rough surface on the castirlg, the siz(! of the 
individual grains is not of much importance in a moulding sand. 
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as tho percentage of voids is approximately the same whatever 
the size of the individual particles, provided they are A all the same 
siae. Thus, a sand eonsisting entirely of grains of about 40-mesh 
will have; the same perwmtagc of voids as one eonsisting of grains 
all of which are about H)-mesh, but One sands usually hjive a greater 
pore-space than coarse sands, as shown in Table XLl. 


Tahi.k XLl. - Hki.ation of Porositv to Finionkss (H. Rios) 




SfUKl. 

Avemgc 

SifccUlf; fJravity, 

IVr cent I’ore-sjiacc. 

1 

174 

2-50 

42-45 

2 

ifiit 

2-72 

44-70 

•i 

i:ii 

2 02 

40 « 

4 

lo:i 

2-57 

4H-20 

r> 

8H 

2-02 

28-00 

<) 

70 

2-7H 

22-01 

7 

OH 

2r»r» 

20-52 

8 

r>4 

201 

28-82 


The iigures imaitioned iire only a])p]icable to perfectly clean 
sands ; in some instances, the smaller particles may liava^ a smaller 
porosity than the larger grains hecanisc! of the effect of the clay or 
other natural bond (iresent in the sand. 

As explaiiK'd on )>, 81, tho porosity of a sand is not always 
a reliable guide to its permeability, as the escaping gases will ])ass 
more readily through large pores than through small ones, so that 
a coarse sand has a greater ])ermeability though it may only have 
the same porosity as a finer one. 

The chief disailvantage of a uniformly-.sized sand is that it does 
not give so smooth a surface to the easting as otU' eonsi,sting of 
irregular-sized grains, but tlu^ disadvantage of the latter is its 
lower pcirmeability. H'or large or rough castings which have 
afterwards to be machined or ivhere a rough surface is not important, 
a coarse sand is ipiite satisfactory, but for smaller or more highly 
finished eastings it is desirable to use fine-gniined sands. The 
most desirable tnoulding sands contain as high a pp)portion of 
fairly coarse particles as the surface' desired on the casting will 
permit, together with a sufficient quantity of line particles of clay 
or other bond; the proportion of intermcdiati^ - sized material 
should be as small as possible. The nature of the metal must, 
however, be considered ; thus, coarse sands cannot he used for 
casting aluminium, as they giv(' a rough matte appearancic to tho 
surfacs' of the castings ; fine sands must therefore be used with 
this metal, and the mould must be tamped very lightly so as to 
ensure the amjde permeability necessary in casting aluminium. 

An exce.s8 of fine silt or dust should not bo present in moulding 
sands, as it renders the sand weak, besides reducing its porosity. 
For general purposes, moulding sands should leqve little re.sidue 
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on a 30-mosh sieve; that is, few grains should he larger than 0’02 in. 
diameter, 70 per cent or more of tlu^ grains should be he^wetm 
O'Ol in. and 0-02 in. diameter, so that the sand should pass oinn- ■ 
pletely through a 2.')-mesh standard sieve, and not more than about 
30 per oei^ of it should pass through a fiO-mesh standard sieve. 
The well-known moulding sands ari' of this eharaetc^r, Boswell 
having found the percentages of such grains in the moulding sands 
given in Table XLll. 


TAni.K XLII.— Medicm Sands (HoshoII) 



JVn-ontRjrt' <ii’ nmiiis 
Ix'twcen 0-01 ami O-Oi: iti. 
■liaiiii.'tcr. 

Bawtry .... 

9r> 

Bolfa-st .... 


Binninghani . 

i;7i 

Belgian yellow 


lf(‘ek .... 

77-0 

ATansfieM (open) . 

7H-K 

SI.. F.vth 

sn-.') 

Worksop (pot) 

7(»-2 


The finer sands, wbieb are largely used for fadiigs, eotisist chiefly 
of grains betneen 0 004 and ()-()l in. diameter, which |)ass com¬ 
pletely through a bO-nu’sh sieve, but are retained on a I2r)-mesh 
sieve, as shown by Tabh* XLIII., compile l from data obtained 
by Boswell. 

Table XLU4.— Fink Sands (Hoswell) 



I*i-ri'cnfaifr' <0' tirfuiw 

l.o(allty. 

liftwi-cM 0-001 iuifl 0-0] ill. 


(iiaiiK'tiT. 

Dnrlimn 

ii:(4 

I'k-ith (mild) . 

s7-r> 

Freiieli red 

«2 7 

Buttons Audio 

72 

Lf'ighton Bu/./.ard 

75-H 

South (’avft . * . 

<M)-2 


Other much finer sands are availabh', tbi! finest Worksop sand 
containing, according to Boswell, 02-f) jicr lant of grains leas than 
0-004 in. iliameter. 

Floor or hacling sand does not come into contact with the 
metal, except in the roughest eastings, and may therefore consist 
of coarse rounded grains, though an excessively coarse .sand should 
be avoided. 

Sands for cores should be between oO- and ff.5-mesh. Coarser 
sands should ^ot be used, on account of their weakness. A sand 
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consisting of grains of 35-mesh when new may be as much as 40 per 
cent weaker than a 50-mesh sand. Excessively fine''sand should 
not, however, be us(?d, as its permeability is usually too low. 

Faf ing saruh must be sufficiently fine in texture to give smooth 
castings, and the finer f Irt: detail of the article to be made^.thc smaller 
must be the grains of sand. The finest “ art castings ” should 
be mad(! with the finest-grained sands. For delicate bronze work, 
sand which passes through a 250-mesh sieve may be used. On 
the other hand, fine sands contain very small pores and so have 
less venting power ; hence, the finest-grained sand consistent with 
the safe venting of the mould should be used, as such a sand 
will give the casting the smoothest surface po.ssible under the 
circumstances. 

Parting sands should be ground finely so as not to separate 
the parts of the mould too much. If too coarse a sand is used, 
sonu! of the metal may ran between the parts of the mould and 
necessitate an excessive amount of h’ttling or grinding of the 
castings. The grains in a parting sand should also be as uniform 
in size as possible (see p. 78). 

The effect of the. size of grains on the metal to be east is often 
important. The ease of aluminium has been mentioned on p. lOfi. 
Rrass and bronze require finer sands than iron, on account of their 
“ .searching ” or “ penetrating ” action on the mould (p. 83). 
For this rea.s()n it is also neecs.sary to tamp brass moulds more 
tightly than thosi; used for iron, etc., and thereby to produce a 
harder surface. 

The effect of the size, of the, grains on the refractoriness of the sand 
should not be overlooked. As quartz has a very low heat- 
conductivdty, large grains of sand are more resistant to high tem¬ 
peratures than small ones, because the heat docs not penetrate so 
readily into t he large grains. 

The figures shown in Tables XLIV., XLV., and XLVI. show 
the sizes of grain in well-known moulding sands from difTenmt 
parts of the country. 


Tabi,k XLIV'. -Sizhh of CIrains in Mouldino Sands (.T. Sliaw) 


Sieve No. 

30 

60 ' 

ftO 

ir)0 

Less than 
150 

Erith (weak) . 

040 

0-80 

0-56 

67-88 

30-40 

„ (medium) . 

01ft 

0 84 

(>•28 

38-87 

58-08 

„ (strong) 

j:i2 

4’55 

1-22 

1408 

76-02 

Lancashire 

0-80 

4f4 

39 Of) 

1302 

4-58 

N. Midlands . 

001 

1-28 

29-30 

54-GO 

14-23 

Worksop (fine) 

0-38 

092 

3-38 

39.10 

54-26 

„ (coarse) . 

oir> 

2'6:t 

If).12 

fi0.»3 

19-98 

Stourbridge . 

0 4ft 

6 41 

17-82 

49-89 

24-70 

Wolverliampton . 

0-54 

1-32 

131)0 

47-69 

.36-94 

Kidderminster 

0-08 

1-60 

lfl.99 

55-84 

20-84 

Southampton 

0-20 

140 

14-80 

69-20 

£ _ 

13-32 
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Table XLV.—Sizes oe (Jhainh in Moiildinii Sands 

' (Sexton and Frimrose) 



riyiie lliver. 

Oelfust Jiett. 

(•enmin Yellow. 

» 

Tlirimj'h l(K>-inosli 

4:j 

SI-0 

7S-0 

„ „ ... 

21 

2() 

:lo 

„ „ ... 

H-4 

4 0 

«r» 

40 „ . . . • 

20 0 

S-D 

.5 0 

„ 20 „ ... 

4iir, 

«•.') 

40 

lietaiiUHl oil 20-iiiosli 

11-2 

I-D 

1.5 

Average fineiioss 

1 0 

SS-7 

88-3 

Loss. 

1-5 

0-0 

2 0 


Table XJjVT*—Sizes of (.Jhains in Mouliiinij Sands 

(P. O. 11. Hoswell) 


.Materiitl . . | 

Very 

( 'fiar-te 

Minliuoi 

Fine 

Cii'irse 

Fine 

clay 

Total 

ei •arse 
Saixl 

Saiul 

Saiul 

S.iiul 

•Silt 

Silt 

Siltlli 

<!r;iile. 

1 

it). 

lit. 

in. 

in. 

in. 

in. 

in. 

in. 

sizt'of jrraiii.-* . ! 

.\h<iv«‘ 

(M»2- 

UOl- 

0 00|. 

0 1102- 

0-00l)|. 

l.ess 

than 

0-0001 

Over 

1 

D ()l 

1) 0-1 

0 1)2 

0-01 

■001 

0-002 

0(»4' 

Sieve .\o. 

12 o 

25 

.*.0 

12.7 

2.70 

* 

• 


lirili^h 









.Vticheiiliealh roek 


l-s 

41-1 

2*)-2 

0 2 

1 () 

1-0 

01-S 

I 'oriiisli reil . 


(1 <) 


42 7 



l;j-7 

SO-0 

Dnrhiiiii 


Iraci- 

:{-7 

o;m 

M-2 

1.7-0 

01 

07-1 

|{tlttOII-4 .\lliho . 


01 

is-l 

72 (1 

0 2 

0-0 

1 1-0 

MS-.7 

Jicitfhton Oiizzur 1 



0 7 

7.7-.S 


:i 

12-7 

HI -0 

.South (-'ave . 

f'orf'iff/t — 



.s:l 

00-2 

1 


os 

OS-.7 

Ih'lKlan rtMl . 


2-0 


112 

li-o 

r 

20'li 

.7tl-0 

Oeljilaii yellow . 


7 ■.5 

C.lO 

120 

;i 

•:i 

12 It 

S41 

French red . • 


0-1) 

. IH-O 

02 7 

:{ 

•1 

1.7-0 

si-:i 

French yelhiw . 



;i-.> 

(iO 0 

00 

10-0 

10-0 

04-1 


• Ko sieves exist whicli corresixunl U» line sih anti elay. 


other moiilianioal anal 3 'sos of tiioultling sands will be found in 
Boswell’s Memoir on British Resources of Eefraclory Baruls for 
Furnace and Fonrulry Purjmses} 

Speciilcatlons lor Moulding Sands.—^There is no “ ideal moulding 
sand,” nor is a sand which is completely satisfactory for one kind 
of casting c(j[ually suitable for another. Moreover, a sand may 

• Soo footnote, p. 89. 
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oi» usod for facings in one Idnd of foundry and as a backing sand 
in another. t 

dh’or this reason it is iinpos.sible to is.sue any “standard” 
spoeitication which is e((ually suitaUe to all foundries. Considera- 
tion.s of cost eonip(‘l foimdrymen to u.se local .sands as far as pos.sible 
and to make good their defects by various mean.s. (.See Pre.jHtrcUion, 
p. 113.) Any .spreial work may necatssitate the |)urchase of sands 
parti(!ularly siiitabh^ for it. 

The following notes indicate broadly the properties required to 
bo po.ss(«s(al l)y tlu^ various sands named : 

for (jenera! foiimhi/ line .should (a)nsist chiefly of silica, 
the grains of which should be as uniform in size as |)ossible, each 
particle bdiig <'ov('red with a thin film of clay, limonite, or other 
bond (p. 115). The sand should have a refractoriness or hiait- 
resi.stanee grcaitccr than is recpiired in the particadar work for which 
it is (unjfloyed, so as to reduce “ burning on " as mmdi as ])ossible ; 
at the same time other jiropcaties should not be unduly sacrificed 
to securing a high degrc'c of refractoritiess. The ])ermeability 
(j). H2) should l)(! high so as to pcu'uiit the ready e.scape of the ga,scs, 
this being more readily obtained with a sand eomj)o.sed of rounded 
grains of uniform sizes than with a sliar)) sand eomiiosed of rnixesd 
grains (p. 105). Tins jflasticity and cohesion of the sand (p. 03) should 
be high in order that the moulds may be of ample si rength, but this 
must not 1)(! obtained at too great a sacrifice of permeability. 

So far as (dumiic^al analysis is concerned, a very high proportion 
of silica is always an advantage. Iron oxide should usually be 
high, except possibly for sand usi'd for some of the fnost difficult 
steels ; alumina in the form of clay may be moderately high, but 
there should not be sufficient clay to reduc(“ unduly the permeability. 
The percentage of lime, magnesia, potash, soda, and all other 
impurities should be as low as possible, though in sands used for 
easting brivss and other alloys melting at a relatively low tempera¬ 
ture the presenct^ of lime is not usually harmful. 

Moulding loams in which no path^rns are used must Ire more 
plastic than ordinary sand. The following properties are desirable 
(1) plasticity; (2) small shrinkage; (3) sufficient refractoriness; 
(4) cheapness. , 

lAiams .should conform ti) the requirements mentioned above, 
and should contain .sufficient clay to bind the particles of sand 
into a strong enough mass, but there should not be sufficient to 
cau.se cracking or excessive shrinkage. The sand should bo 
sufficiently refractory to avoid “ burning on,” and its texture 
should bo sufficiently fine for the castings to have a good surface. 

Facing sands should conform to the general requirements given 
above, but should also be sufficiently tine for the particular castings 
to be made. They should impart a smooth, fine surface to the 
metal with which they taune in contact, and should allow the 
castings to leave the mould cleanly after cooling, without being 
covered with adherent sand. 
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Core saruh should ponfonn to the goiipral ii'quireinents mpiitioiied* 
above, cxe ei-t that some otlier binder should he substituted fur 
the elay. The mixture should hav<^ the greatest ])()ssible strength , 
and, at the same time, suflieient venting |io\ver, yet when tlie 
casting is ’ finislu’d the cores should reaclily be broken up ami 
removed ; Ibis eaunot occur if luueh elay is |)res(‘nt, as the elay 
is “ baked ” and hardened by heat. 

Purling mmh should consist <)f fine, uniformly rounded grains, 
free from elay or other birjiing material and also from Ihixiw, 
especially soluble salts and linn^ eoinjMmnds. 

For caMlwj nice) and otluT high-temperature alloys, the moulding 
sand must be highly refractory, but for reasons of economy two 
sands are sometimes used : («) a highly refradory facing .sand 
eompo.sed of very |mr(; sand and fireclay or a natural sand ecpiivalent 
thereto, and {!>) a backing sand of a less refractory nature whose 
chief chara(deristie is its ])ermeability. 

k’or castiwi brass an/I otlier non-jerrons alloys a le.ss refractory 
sand will sufliee, provided its heat resista.nee is sutlieient for the 
partieidar nu'tals to be east. 

Sources of Moulding Sands.—'Phi^ supplies of the best natural 
mo\dding sands ai'c very limited, and are practically eonlined to 
St. Krth, (Cornwall, Huttons Ambo, South Cave, and Barrow-in- 
Furness, ami to (uutain Fremli, Dutch, and Belgian sands. Sands 
of inferior refractoriness, biit (piite suitabh^ for some iron eastings 
and for many non-ferrous ones, are more widely distributed, and 
occur (liiefly in the Trias, Greiiisand, and Koeem^ formations, 
as well as in th(‘ older Carboniferous ami other rocks whidi supply 
sharp rock sand, fn g(m<“ral, samls whi<'h are freshly dug are 
))referred to those which hav(^ been <^xpo,sed to the weather for 
a long ])eriod of time. 

As far as ])ossible, foundrymen u.se local sands for general work 
and snp[)lement theses by s]>ecially purchased facing sands, but veu'y 
often th(! whole! of tlu! sand used is brought (eonsiderable distaneees, 
when an equally suitabk! sand might hi! obtaimed much nearer the 
works, Sands such as those of Erith, Manslieeld, etc., have been 
carried to Afriea, India, Australia, Aiimrica, when jxerfeetly satis¬ 
factory sands could readily 1 m‘ obtained much nearer. For reasons 
previously stat<!d, it is impiacticable to give in detail eaeeh source 
of sand and the particular eastings for whieeh it is most suitable; 
and to arrange the sands in groups aeeeording to the [lurposes for 
which they are u.sed woulil involve much nei!dless re|)etition, which 
is avoided by mentioning them in the order of their geological 
occurrence. 

OlacAal samls are worked for moulding sands at Oldham and 
in various other parts of Lancashire, w'here they are used for general 
easting; at Bawtry (South Yorkshire), where they are employed to 
some extent for non-ferrous work; at Ipswich for steel easting: and 
in Durham for general purposes. • 

Pliocene sands include the famous Cornish red and yellow sands 
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of St. Erth, which are used for general casting and to some extent 
fer steel. f 

,Tho Bagsfiot bats of Southampton are u.scd to a small extent 
for general work. 

The Thanel sands obtained at Erith, Charlton, Woolwich, and 
Rochester, both from pits and by dredging, are largely used for all 
kinds of moulding work, and are so highly valued that they are 
transported as far as Edinburgh, Northumberland, and Durham for 
non-ferrous work. Thtise sands, whcsi mixed with an oj)encr and 
sufficient clay, make an excellent loam for general iron castings 
and for dry facings. The Thanet sands are superior to the Bunter 
sands for moulding purposes, as the latter may contain up to 15 
per cent of felspar, and so are less refractory. 

The Greensands of Leighton Bu/.zard are used for casting steel, 
whilst those of Devizes and Seend arc us<>d in the west of England 
for general and heavy work, l)ut are too coars(! for tine work. 

The Kelkiways sands of South Cave in Yorkshire are used for 
casting steel and for general moulding. 

The Upper Estuarine sands of Huttons Ambo, Yorkshire, are 
used for casting steel. 

The Hunter sands are among.st the most valuable moulding 
sands in the country for iron and most metals other than steel. 
Their value is partly due to the iron oxide bond which they contain. 
Useful moulding sands in this series are obtained near Birming¬ 
ham, Stourbridge, Wolvtirhampton, (iompton, Woinbourne, Kidder¬ 
minster, and Stourport. They are similar to the Lancashire sands, 
and are largely used locally for non-ferrous and other work. When 
mixed with manure, thijy make good dry facings for iron. 

In Birmingham they are used for casting gold, silver, nickel, 
copjxir, brass, phosphor-bronze, white alloys, aluminium, etc. 

The sands around Wolverhampton and Stourport are. specially 
fine, and are suitable for facing sands, whilst the Woinbourne sands 
are particularly suitable for casting brass. 

The Bunter .sands of iMansfield, Nottingham, Worksop, Sutton 
Junction, Hemphill, and Lenton, in Nottinghamshire, Doncaster, 
Armthorpe, Bawtry, Heck, Hensall, aud Whiteley Bridge in York¬ 
shire, are very well known, and are widely used both for ferrous 
and non-ferrous foundry work. The finest Mansfield sands are 
excellent as either dry or green sand facings for brass work. Some 
Mansfield sand is used in Edinburgh, Northumberland, and Durham 
for non-ferrous work. Milled with horse-dung, it makes a good 
dry facing for iron castings. The upper beds at Mansfield are also 
used as pig-lxsd jand. 

The Worksop red sand is very good for floors. The Doncaster sand 
is suitable for general jobbing work, but if carefully screened could 
bo used for better work. It is largely used for casting iron and for 
small cores, but it is not usually strong enough for loam moulding. 

At Bawtry the Bunter sand is worked for pig-beds and for 
rough general work. 
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The Bunter sands of Ourham and ('uinberliiftid are used for" 
general work ^nd also for non-ferrous moulding. 

At Runcorn in Gheshir(' the sands are line and of a deep retl 
colour, and are chiefly used as ])ig l)ed sands. Hunter sands ^le 
also worked at Ormskirk in Lancashire, providing an oix'ii and a 
close moukWtig sand. 

The Belfast sand is a limegrained reddish material much us(al 
for light oruaimmtal work and for hollow waTy^ ; it is regarded as 
one of the best sands forcastmg biiissand cores, and is e.xtensively 
used as facing sand, esiK-cially for brass and non-ferrous metals, 
sometimes with an admixture of rock .sand. For non-f(^rrous work 
the sand is ustsl repeatedly, now sand being added as required. 
It iHiComes liiKU' in use and, therefore, more suitable for certain 
work. 

The Permian saml of Pontefract and Gastleford is siiiiilar to the 
Doncaster Bunter sand, and is used, to some extent, for general 
work as well as for non-ferrous work in South Yorkshire, jyarticidarly 
in the Sheffield. Hull, and IjCisIs areas, Tlu; Ikuinian sand of 
Laneasliiro is used for general iron easting, and is mixed \rith floor 
sand and coal-dust facings. It is very useful for dry sand moidding. 
Whilst usually uniform, it requires watching, as it sonud.imes 
contains lumps of clayey raaU^rial. 

Carboniferous sarulslorm arc, to sotmi extent, crushed for 
moulding sands. 

The Chjde, “ Rotten Rock” which is woikcd at Auchenh(‘ath, 
Drumcavil, Garngad, Garnkirk, Glenboig, and Drumbathic! in 
Lanarkshire, is used as a facing sand, and gives v(uy smooth castings. 
It is also employed for non-ferrous work round Gla.sgow in con¬ 
junction with sand from Carlisle and Belfast. 

Falkirk mml is used for easting hollow ware in the Gla.sgow 
ilistrict. It gives a very smooth finish, which is well known in tlu* 
production of iSeotch irons from tlm Glasgow district. At Haydon 
Bridge, Northumberland, a sandstone or bastard ganistcr is used 
for casting steel. 

Preparation of Moulding Sands.—When a wholly suitable natural 
sand is available the only preparation it usually r(!quires is screening 
to remove the excessively coarsc! j)arti(de.s (1. 441), and dri/imj to 
remove an/ exee.ss of moisture (I. 401) which may Ix' [(resent. 

Drying. —When a natural sand is to be mixed with other 
materials it is almost impossible to obtain a uniform product unless 
the ingredients are first dried, and a|)art from this it is important 
that any sand used for moulding should not contain more than 
4-5 per cent moisture (see p. KMf). It it contains more moisture it 
should bo dried as described in \'ol. I. p. 401, care being taken, if 
the sand contains clay, that no part of it is heated to a temperature 
above llO” C., othc^rwise some of the clay will be <lecom|(osed and 
s|(oiled. This preliminary drying is often neglected, although it 
is most important. It is not sufficient to leave tlje sand out in the 
sun or in a current of cold air. 
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The moulds,' unless used for green'^moulding (p. 76), must be 
4ricd prior to use. This drying is sometimes effected by directing 
the flame of a lamp on to the interior face of the mould, but smaller 
moulds, es|jecially those in which oil or other organic matter is 
used as a bond, arc usvally baked in an oven at a temp<waturo of 
about 30()°-450° C. This greatly increases the strength <,; the mould, 
but it does so by decomposing the bond, and thus makes it difficult, 
or even impossible, to use the material for making fresh moulds. 

As completely suitable natural fands are rare, it is usually 
necessary to treat the most readily available sands so as to render 
them more suitable. The methods adopted for this purpose art!: 
(») screening to remove th() particles of unsuitable sizes, (h) adding 
sand from another source or some other material to make up for 
the deficiencies in the sand chiefly used, (c) adding water to inci’east; 
the plasticity of the sand or mixture, and (d) milling or mixing tin; 
various sands and other materials. 

Screening is im|)ortant as a means of removing any lumps, of 
breaking U[) any clots, and to .s(amrc a uniform j)roduct. Gm; of 
the following sieves should lx; used for these purposes ; 


Floor siind 
Facing sand {coarst*) 
Facing sand (fino) 
Parting sand . 


^■in. mesh, 
j-in. tnosli. 
^•in. inosli. 
I'n-in. moHli. 


The material shoukl Ik; passed repeatedly through these sieves 
until a uniform material is obtained, as very thorough screening is 
desirable for the production of good work. Plain screens inclined 
at a suitable angle are generally used (1. 442). A suspended, 
reciprocating, flat sievt^ is also very satisfactory. Rotary sand 
sifters (I. 456) are also largely employed, the polygonal shape being 
preferable. 

Very small particles, if in excess, must usually bc! removed by 
wa.shing (I. 384), the bond thus sei)aratcd being replaced by material 
from another source. 

Artificial Mixtures.—The mixing of sevciral sands, or of one or 
more sands with clay or some other binding agent, in order to produce 
a mixture having all the desired projicrties, has long been part of 
the work of many foundry managers. Thus, it is emtomary to 
mix a strong .sand ivith one rich in silica ; by this means the desirable 
properties of the first sand are retained, but the coamcr mild sand 
increases the proportion of voids and enables the vapours and ga.ses 
produced during the process of casting to e.scape more readily. A 
sand may not have the texture required for a particular purpose, 
but this can bo obtained by mixing two or three sands together. A 
coarse sand may be added to another sand or to a mixture to “ open ” 
it, whilst a high silica sand might be added to give refractoriness. 
Sometimes a sand may bo added to another to reduce the proportion 
of clay present in the former, whilst if the sand which forms the 
basis of the mixture does not contain a sufficient proportion of 
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bond, a highly ferruginous sand, a sand rich in clay, or oven a fine' 
clay or kaolin, may ho added. • 

Some linns use an imnccessarily large number of sands in tl*cir 
mixtures. Two sands, if skilfully sek^cted, are ustially suflicicnt, 
and only in rare cas(!s is a third re()uired. • The complex mixtures 
in which fi\^e or six sands, as well as one or more bonds, are u.sed, 
are the result of a method of trial and error which may give good 
results, but is unnecessarily costly. In most cases a much simpler 
mixture would be etpially satisfactory. 

In all artiticial mixtures u.sed for moulding sands tb(>re are only 
three essential ingredients, viz. the (piartz grains, which constitute 
about nine-tenths of the whole material, the bond, and, in the case 
of sands which requini to be very jiorous or to produce a tine surface 
on the casting, a carbonaceous material which Imrns away when th(> 
metal has entered the mordd. 

I’ho sawl wdueh is the source of the quartz grains shoidd conform 
as nearly as possible to the requirements mentioned on p. 71). It 
should be sufficiently pure not to fuse or sinter wlam in use, and the 
grains should be of such a shape (p. 104) and size? (]>. 105) as to meet 
the jMttticular reipnrcimmts of tb(! moulder. As far as po.s.siblo 
the grains should all lie the same .size, so as to secure the requisite 
permeability. Very tine sand and silt should be absent, or at 
least there shoidd be as small a jiercentage as jiossible of the.se 
materials (p. lOfl). 

Facing sands are usually composed of much smaller partides 
than other sands, so as to impart a smooth .surfais^ to the casting. 
Where very small grains aie reipiired the sand is usually ground 
in a ball mill to the desired lineness. In order to prevent any 
coarse material being used as a facting, the sand is applied to the 
mould by means of a dust bag, whicli retains the coarse particles 
and permits only the fine grains to jiass on to the surface of the 
mould. 

Sands which contain an excessive amount of clay may be 
improved by grinding them with a suitable jiroportion of sharji 
sand. In some cases, where a large proportion of lean clay is 
lU'osent, it may Is' desirable to add a sharp clean sand and then 
add enougl^ plastic clay to .seiairo the ..ssary binding power. 

The horn] may be of clay, ferric hydroxide, oi' of some organic 
substance. In natural moulding sands the bond is usually either 
clay or limonite (ferric hydroxide) or a mixture of these substances. 
Sometimes a little organic matter is present, but organic bonds 
are chiefly found in artiticially prepared sands. 

The purpo.se of the bond is to form a plastic and coherent mass 
which can be made into moulds of the desired shape and with 
sufficient strength to resist the stresses to which they are subj<M:ted 
when in use. 

The advantages of clay as a bond are its great plasticity and 
binding power and its cheapness. Its chief di.safl vantage is that 
when heated i^ forms a hard, strong mass which is uselc.ss for 
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making other moulds, though used sand containing clay as a bond 
can, to some extent, bo “ restored,” as described on p/120. 

, Considerable care and skill are required to obtain a suitable 
clay. Fireclays are largely used on account of their refractoriness 
and binding |)o\vcr, bu.t they are difficult to distribute uniformly 
through the sand, and generally impart an undesirable ‘^stickiness.” 
An <?xce.s.s of cl.ay should always b(s avoided, 3 per cent Ixsing 
usually sidficumt, as it reduces |X!rmcability and wastes too much 
sand by forming a “ burnt ” stonji material. If a sufficiently 
plastic ('.lay of high refractoriness, other than fireclay, is available 
it should be tried, as fireclays are by no moans pure and contain 
too much fine sand and silt to be really sati.sfactory. The objec¬ 
tion to the highly jdiistic ball clays is that they sinter at too low a 
temperature; otherwise they would be superior to fireclay, being 
much richer in true clay. 

Damp (!lay cannot bo thoroughly mixed with sand, so that 
wher<! ]Hj.ssible it is better to introduce thes clay in tlu^ form of 
clay-fioiir, which is pnxluced by grinding to powder pieces of clay 
which have Ixxm partially dried in a stove, gnxit c^aro being taken 
not to allow the temperature of the clay to exceed 110'’ 0. during 
the drying or it will be jxirtially decomposed and its binding powc^r 
will be Induced. A further advantage of clay-flour is that an 
exact amount can be introduced into each mixture, whcnsis with 
a damp clay much less accuracy is attained. 

Limonite, or other forms of feme hydroxide, are excellent as 
a natural bond, but very diffierdt to prepare in a form suitable 
for making an artificial bond. They should be j)rescnt in the 
sand or mixture as a colloidal gel, and not mendy as a precipitate, 
and the diffiradty of preparing a suitabh; gel equably distributed 
over the surface of the grains of sand is very great. At present, 
the best method of introdiuang iron compounds is to use some 
form of ochre (which is a natural mixture of (X)lloidal iron hydroxide 
and (day) as r(!commcndcd by Kampmann in 184,'), but this is by 
no imams wholly satisfactory. Haematite ore has been used, but 
this is not sufficiently colloidal. As a general rule, sands for iron 
casting should not contain more than 5 l> jier cent of iron, and for 
brass easting not more than 7 per cent. 

Colloidal silica has Ixien u.scd to a small extent as a bond, but 
the difficulties connected with its preparation and use are as great 
as those with colloidal iron compounds. 

Many organic substances are available as binders, and are 
particularly useful where it is undesirable that the sand should 
be made permanently hard, as is the case when a sand containing 
much clay is heated to a high temperature. Sands containing 
carbonacixms materials do not form a hard stony mass, but are 
readily broken up even after prolonged heating ; they are, therefore, 
very useful in core sands, where they are largely used in place of 
clay as a binder.,, 

The organic binders most generally used are flour, gluten, 



a'rTIFICIAL moulding sands 117 

® • 

core-giim, or other forms of starch, ghic, glucose, tn-acle, molasses, 
sugar, or vilcous material obtained by evaporating the stilphilo 
liquor resultant from converting wood into paper, oil (especially ' 
linseed oil), resin, and sour hem'. Some of the above bonds are 
also sold u^>der fancy names. These bondtt all burn aw'ay as soon 
as they are ht!ated i)y the molten metal, and so |)roduce a jiorous 
mould, from which vapours and gases can readily cscaiK-. 

Fhur provides a glutinous substance which is a fairly efficient 
binder, but to get the best results the flour should rubbed with 
water, the stfireh graims allowaxl to sw'ell by remaining all night 
in contact with the water, and the mixture'should afteinvards lx; 
boiled, so as to pnxluec a starch pasbs before it is mixed with 
the .sand. 

(Uiite.n and core gum are similar binders, the latter being ])repared 
from starchy materials smdi as potatoes; about 5-1(1 |«‘r cent of 
gluten is required. In France a pi'eparation consisting essentially 
of gluten or gliadine, termed agglutinol, is sometimes used for 
casting bronze. Glucose has been used to the extent of 2-5 |M’r 
e(mt for malleable steel easting. All thesii materials are u.sefid 
as binders ; tlxi chi('f objection to them is that they readily ab.soi’b 
moisture, and so tend to cause dewing on the surface of the moidds 
and cores ; if the metal is poured into the “ bedewed ” moulds, 
blowing is almost e(utain to occur. Where the; moulds and cores 
an; u.sed quickly there is no objection to tlu! ust; of a glutinous or 
starchy bind(U', but they should not Ix^ k<q)t in the wet state in 
stock a long time. T’he decomposition of the starchy and glutinous 
materials is another umhisirable feature. Such mixtures shmdd 
not be u.sed when easting aluminium. 

Treacle, molasses, siiyar, and olrl heer an? also useful binders. 
One part of treacle to 25-30 parts of wuiter is commonly us('d ; 
too “ thick ” a liquor docs not distribute itself jwoperly among 
the grains of .sand. 

Oils of various kinds are used as binders, linseed oil being 
particularly poi)ular for moulds for various metals, including 
bronze. For iron, uuxtures of linseed oil and d(!xtrin, or lin.seed 
oil and molasses, have been u.sed, 2-5 pen’ cent being re({uir(xl. For 
very complicated cores, 2-6 lb. of whak; oil to each 200 lb. of sand 
has been used. Two parts of whale oil and one part of boiled linseed 
oil is also very satisfactory. Pish oils are unde.sirable on account 
of their odour. (Awes made with sand with about 3 per cent of 
oil are very useful in casting the comhustion chambers of gas and 
oil engines and the parts of cylinders wherti the core is <!ntirely 
suiTounded by metal. 

The amount of oil required varies with the size of the j)articles 
of sand and the proportion of clay present. As clay absorbs oil, 
a larger quantity will Ix! required than when a elay-frec! sand is 
employed.' It is a mistake to use damp sand or to add waUw when 
using oil as a bond, as water acts as a repellent tA oil and prevents 
the grains of .sand from being uniformly coated with oil. 
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Moulds, and jMirticularly cores, made of sand bonded with oil 
aVe cheap; when properly dried they are hard, and '.vill maintain 
• thsir f)roper form and firmness with a minimum of sup[)ort from 
core rods and irons ; they are also very permeable ; an excess of 
oil, however, must be aioided. The drying or baking of oil-bonded 
moulds anil cores needs care, as they crumble away if overheated, 
whilst if “ dried ” at too low a temperature, or for too short a time, 
a large amount of gas is produced when the mould is being poured. 
When properly dried or baked, watef should be absent, and there 
should bo just suflieient oil left in the sand to kiaip the core firm 
and hard. The proper drying of oil-bonded moulds and cores can 
only be learned by e.xperienee. 

Jtesin is used as a binder, especially in small cores of com¬ 
plicated shape, for which it is very suitable, 1-3 per cent being 
usually eanployed. 

Any solid organic binder must, of course, Ik; finely ground so 
as to Ik! evenly distributed through the sand. 

The amount of organic binding material used should be as 
small as possible, on account of the amount of gas evolved, and 
also because an excess of bond does not carbonise properly, and 
so jirodiices a weak mass unless an excessive amount of heat is 
applied in drying or baking ; in the latter case the carbonaceous 
mattiir is partly volatili.sed and partly convertcil into useless 
carbon or “ char,” so that its binding power is lost. 

All artificial bonds, other than clay, are weak, though some, 
such as oil, produce strong moulds and cores after the lattisr have 
been baked or driial. There is ample scope for the invention of 
new bonds which will give the miudds the same strength as the 
clay in natural moulding sands without the “ burning ” w'hich 
necessarily occurs when clay is heated. The chief advantage of 
organic binders over elay is that sands containing the latter “ go 
dead ” when used, beeaxwe the heat from the molten metal bakes 
the clay and the sand in immediate contact with it, producing 
a stony or brick-like material which cannot easily be se|)arat(al 
and which cannot 1 k) reconverted into clay. The organic bonds 
are destroyed, but they do not damage the sand to the same extent 
as clay. , 

Openers are materials added to a moulding sand to increase 
its permeability. They usually consist of organic substances such 
as sawdust, coke- or coal-dust, or various waste products, such 
as horse-dung or manure, cowhair, and pease-meal. Cinders from 
blast furnaces are also sometimes used. Ground silica rock, or 
preferably ganister, which contauxs about 5 jxir cent of 'clay, is 
largely used to open xxp fine sands and compos (p. 70). Oil, 
treacle, and other organic binders (p. 117) also act as openers. 

Any material, to be suitable for “ opening ” or increasing 
permeability, may be in the form of a liquid, such as treacle, etc. 
(p. 117), or of a'solid. If the latter, it must be sufficiently finely 
groxxnd to avoid the formation of unduly large porer. 
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The proportion of ojK-ner to be added depends so much on the 
naturi! of thd (uistings to be made and on that of the sand ’isefl 
that no definite figures can be given as of general application. 
Too little opener will obviously fail to allow tlu^ gases to escape 
projierly ; too much will lx; wasteful of a ^nat<•riai which is inorc 
costly than the sand, and a very laigci excess may so weaken the 
sand that it cainnot be used satisfactorily. As the sand is usc^d 
over and over again the proportion of opener present tends to 
increase, .so that a used sancf does not require so much o|)e.ner as 
a new sand. Whatever opeimr is used, it should be free from 
a high jKucentage of ash or it will ixaluce the heat-resistance of 
the sand. 

Facing sands are frequently ojx'ncd with organic matter, which 
not only |X!rmits the gases to escape, but, being of a neutral (character, 
facilitates nnnoval of the metal by assisting in preventing the 
adherence of the sand ; it also aids in producing a smooth .surface 
on the easting. When the molten imdal comes in contact with 
the opener (e.g. eoal-dust), there is an instantaneous generation 
of giis which forms a layer just for an instant befois! |)assing through 
the mould and jx'rsists sufficiently long to cause the metal to glide 
over without affecting the. mould ; again, with another (qxmer, 
such as oil, the heat of the molten metal may eau.se the sublimation 
of hydrocarbons from the rich gases, which persist sufficiently 
long to have th(^ same effect and arc afbirwards absorbed into the 
metal or burnt away. Roth actions may take place in the same 
mould, and it is claimed that a film of graphibq if ground very 
finely, will burn and produce gas in a similar manner. The action 
of coal-d)ist may readily be demonstrated by making tw'o grexm 
sand Tiioulds, tlx? facing of one containing coal-dust and the other 
lx‘ing used witlumt it. The castings produced in the mould 
without coal-dust will be of a dirty white or grey colour, on account 
of their being covered with a skin of j)artly fuscsl silicates derived 
from the oxides in the sand. Smdi skins arc often removed only 
with great difficulty from the castings. When eoal-dust or equivalent 
material is used, "however, a clean casting is produced. The use 
of coal-dust in this way is not always desirable, as it may have 
the same effect as working cold-short nudal. This is, according 
to Sharp, especially noticeable at the tc(!th of small spur whtxds, 
which should not be east in facing sands containing coal-dust. 
An excess of eoal-dust is undesirable for preparing castings which 
are to be annealed, as too much carbonaceous matter forms a skin 
of magnetic iron oxide on the castings and prewents their ])roper 
annealing. This precaution is specially important if the articles 
are afterwards to be tinned. 

The pr(!sence of coal-dust in brass-casting sands is also harmful, 
as it tends to cause pitting and irregrdar vein-marks on the finished 
article. The addition of {xjase-meal (p. 118) is mon; satisfactory 
for the purpose. " 

Where coal-dust can bo used satisfactorily, it is generally added 
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in the form of a finely-ground, rich gaa-coal or sea-ooal, such as 
that mined in South Wales. Tlio coal should coiftain at least 
■16" per cent of volatile matter and less than 10 per cent of ash. 
^ excessive pi'oportion of ash will cause the eastings to have a 
vhitish-grisy api)earan(!c and a rough surface. ^ 

The size of the particles of coal-du.st varies according to the 
lature of the ciistings to be made ; for very light coastings an 
(xceedingly fimily-ground dust is desirable, whilst a slightly coarser 
/et still Hue ■' grist ” should be used fdr heavier work. The medium 
ind coarse grades of coal-dust will bo required for the larger classes 
)f castings, in which it is nece.ssary for the gcneratod gases to be 
larried away quickly. When coal-dust of too coarse a giade Ls 
jsed, small “ pits ” are left on the fact; of the casting. 

Th(! (ircqxu-tion of coal-dust or other opener de))ends on the 
nature of the ciustings, but is usually bctwctm 5 and 15 per cent 
of the weight of the sand. The heavicu’ they are, tlie greater must 
bo the proi)ortion of oiamer in tlu^ sand, but too imudi must be 
avoided, as it will give the Ciistings a “ veined ” ap|)earance. For 
motor cylinders and sinular light castings, I ])art of coal-dust to 
10 parts of sand is usually satisfa(!t(>ry, whilst for heavy work 
1 jmrt of (X)al to 7 parts of sand is bettsu'. McWilliam and Lsingmuir 
nscommend 1 part of coal-dust to 8 or !) ])arts of sand for castings 
exceeding 3 in. in thickness, whilst Sharp suggests the following 
composition for a goo<l facing material : 

Black floor fiatnJ . . . 10 parts. 

Now riv»M‘ sand . . . r> 

Coal-duat.1 part. 

For high-temperature work tlu; more modern practice is to 
discard the use of an opener in the facing sand and to use sand 
only, th(! Hnished sui-faee of the mould being coated with a “ black¬ 
ing ” composed of graphite, coke, or charcoal (p. 78). Such 
coatings have the same effect as the presence! of carbonaceous 
matter in the sand itself, but with the advantage that they do 
not contaminate the sand. In the older practice the coal was 
mixed with the facing sand, and wlusn a layer of facing, sand about 
1 in. thick was used only a small proportion of the coal in that 
layer was gasitied, so that if the facing sand was used over and 
over again or mixed with the floor or backing sand the latter 
would gradually liecome too lean to be used, on account of the 
increasingly large proportion of coal-dust. The more modern 
method of using a plain sand and a coating of blacking simplifies 
the moulding, as only one sand heap is used : since the latter is 
far less liable to bo contaminated with carbon, both labour and 
money are saved. 

The mixtures given in Tables XLVII., XLVITI., XLIX., L. 
are typical of the moulding .sands artificially prepared and used 
in various parts of the country. 
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T>yiLK XLVII.— Facin(? Sands fou Oasti.vu Inon 


♦ 


l*arl'» by Voliiiiit'. 

• 


r..* 


D.t 

K.t 

New sand .... 

I’D 

2D 

ID 

- 


Hlat'k sHiul 

.JO 


2D 

in 


Coal-dust .... 

5 


D-iD 

1 


Korn) sand 


2D 

2D 



Kod sand .... 





-) 

Manure .... 


2-4 





• Sexton and l•^illl^(lso, I‘rincii>lis of Iron l''<H(iu(iiiii. 
t J. Sliarp, Xtodern Foundrn i'rmiiri-. 


Tablk XrjVlir. Ijoams 





I'arfs l>.\ 

N’oliimo. 



A.* 

15.* 


I>.* 

K.t 

i-'-t 

filrudv sand 





K2 


Sliarp sand 

iii 

Hr* 

(is 

si 


oD 

Hock sand 


\r* 

ID 



2.4 

Clay . 




D 

is 

IS 

Manure 







Sawdust . 




io 




• Hnchanan, Tfi»f Monltkr’x Dkiioiiiirn. 
t J. MotU-rn h'ttniulru l^nu-Urf. 

A is for rnst- iron, It mid M am linavy loanis for laruc work, D is a lii'Id.iT loan) for navliimi- 
Ki^i‘d work. All throe should be inillecl witli clay water. I) aixl I'' are I'aeiiiu loams. 


Tabijc XLIX. Cork Mixtuhios 



Flue. 

Medium. 

Ifcuvy. 

» 

New santl 

71 

44 

:iD 

Uoad sand . 


44 

11 

Floor sand . 

24 

12 

4D 

Manure 

5 


11 


The ammonium ehlorido in C ('l'al)lc L.) sublimes u'hen heated, 
thus giving a clean face to the casting. ^IixtuI■(! G n^quires to Ixi 
mixed with dextrin solution, as it has no intrinsic binding j)ower. 

Floor saruls should consist of an o|x-n sand of moderate cohesion, 
such as red Worksop or yellow firith sands. As they are used 
repeatedly they gradually beeome contaminated *with burned clay, 
carbonaceous matter, etc., and should thfuefore tesifted occasionally, 
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Tauli? Compos fok Castij^o Stjskl 


• 

For iij) to 

2 in. tiiirk. 

For CiiHtifiKs over 2 in. thick. | 


J'jirts Ify Volume. 


Piirhs i».\ 

Vf.Junic 

1 





[>.• 

li.* 

r.t 

O.t 

OJd facing suiifi . 

r»:i 

liO 

tt'l 





Olfi cnioibles 

13 


50 




Firo.bricks . 

i;t 



25 


1() 


White eJay . 

Fireclay 

14 


1) 

15 

20 

10 


Ookc'dust 

While silica sand 

7 

25 

i? 

5 

SO 


50 

(iraphite 

Amiifonium chloride . 


10 

5 


08 

50 



* Budianan, The MoHhler’H lUdiuiinrif. t Hccktiuniri. 


as otluTwise they become lean and useless. (See also Jlesloration 
p. 12(5.) 

Milling.—The term “ milling ” is applied in fonndric^s to two 
entirely distinct processes, namely (a) the eriisliing or grinding 
of pieces of material which arc too large to Ix^ of use and, therefore, 
require to lx? nxluced to much smaller-sized pieces, such as .sandi 
and (b) milling proper, which comsists in mixing the various materials 
togoth(!r so as to form a perfectly uniform product. 

The crushing of materials u.sed in monlding sands is usually 
done by the firms who s\ipply them, but used sand, broken crucibles, 
etc., may require to be crushed in the foundry. For this purpose’ 
a high-siwed disintegrator (I. ;152) is usually the most convenient 
and satisfactory machine : a popular one consists of three con- 
nentrie eagos, one stationary and the other two revolving at about 
KXX) revs. j)er min.; this mill r(!quires about 2-4 h.p., and will 
treat 2 tons of sand )x^r hour. Some of the otluu- disuitegrators 
described in Vol. I. p[). 252-;i5() are quite satisfactoiy. 

Whilst a disintegrator is best for general work, a ball mill (1. 265) 
must usually be employed when a very line powder ir required. 
Centrifugal mills of the Griffin type^ (1. 371) have also been used 
satisfactorily. 

The crushed material should be screened (T. 441), no unduly 
large pieces being [iresent. 

'J'hc proportioning of the various materials which enter into 
the composition of a prepared moulding sand is sometimes effected 
by weighing and sometimes by measuring them. Weighing is 
much more accurate, and should be adopted wherever possible. 
When it is not desired that the workmen .shall know what pro¬ 
portions are employed, specially made weights are sometimes used. 
These have the additional advantage of making mistakes mor^ 
difficult, as only one weight is used at a time. 
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Adding Water .—There is considerable difference of opinion as 
to when water shonld be added to tin? sand or sand niixOirefl 
If the materials are prepared dry and water is required to render 
the mixture plastic, it should iisually bet addid in the mixing or 
milling stage, but some foundrymeu prefeh' to add the water to 
the milled sand and then lay tlic latter aside for some time to 
allow the water to become uniforndy distribuh-d. Uniformity of 
distribution of the moisture is so essential that no j)ains should 
be spared to secure it. If, for any reason, it is thought best to 
add the water after, instead of just prior to, the milling, a jK'riod 
of storage is es.sential, after which thi^ sand should be j)assed 
reiHjatedly through a j-mesh sieve until it is reasonably certain 
that the moisture is uniformly di.stributed. Sand whiiii has bctui 
milled and bcciOitU! too dry may be s|)rinkled with water, allow'ed 
to stand overnight, and then screened re]ieatcdly. It is most 
important not to add too much water, and only in (^xccqitional 
circumstances should the milled sand contain inont than (i j)er 
cent of wat(>r. 

The milliruj proper or miximj of the materials in the desired 
IH-oportions is a very important process, and it is necessary that it 
should be proirerly done, as otherwise a large p(!re(‘ntag(^ of wash; 
eastings will k; produced. Moulding sands wliicli liavc! not In'cn 
suffiricmtly milled are irregidar in comjrosition and uni'eliable in 
use ; over-milled sand, especially in medium and heavy work, 
s|)oilB the surface of the metal on account of its being so imjjervious 
to gases. 

Before the introduction of machine milling, moidding sands 
were mixed by hands and feet, the material being alternately 
trodden and scraj^d down with a round stick. 'I’he kneading 
produced by this treatment mixed the sand very thoroughly and 
secured the uniform distribution of the moistures through the 
mass. The process, however, took from 1-3 hours, and was tedious, 
slow, and expensive, though very (effective. Another nudhod of 
mixing by hand consists in stirring the mahuials several times 
and passing the rough mixture through a si(!V(!, the stirring and 
sieving being continued until each particle of sand is covered with 
a film of hinder. At the present time, mixing is done almost 
entirely by machinery, but sand for heavy eastings should not 
usually bo milled, as this treatment reduces the porosity and 
permeability. Hand mixing is best for such sands, unless they 
are artificially prepared from sand and clay or sonu! otlnw bindei’, 
when milling may be necessary to emsure the, pasting of the grains 
with bond. 

Mixtures of oil and sand also .should not usually k; treatc'd 
in an edge-runner mill, as the grinding takes the edges off the sand 
particles where a sharp .sand is used, and forms too much dust. 
If great care is taken, they may be milled satisfactorily, otherwise 
they should be rubbed by hand or mixed in a padfllo-mill. 

The purposti of the milling proper is to mix the sand and other 
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materials together so as to produee a completely uniform mixture 
(if the desired consistency. It is not intended that the .sand or 
rock should he ground (luring the mixing ; on the contrary, all 
grindi:^ action should Im( ininimis(>(l as far as jwssible. 

It is sometimes corivenient to (!ff((et a preliminary,|mixing, say 
of sand and (^oal, by passing the materials which have been roughly 
mixed by hand through a disintegrator, but the objection to such 
treatimuit is that, in the subsequent sifting, materials are removed, 
whi(!h alters the proportions of these'in the powd(fr. If a machine 
of suitable design is us('(l, ((xeessive grinding may be avoided and 
a thoiough mixing effected. A typical sand-mixer of the Carr 

type is shown in Ifig. 5. 

It is often convenient 
to use a horizontal mixer 
in preference to a vertical 
one. In Hall’s mixer (Fig. 
(i), four cages are mounUjd 
in pairs so as to revolve 
in opposite directions, the 
outermost and third cag(!s 
being driven by a juilley 
loo.seiy mounted on the 
shaft and th(! alternate 
cages being attached to 
the shaft and driven by 
asecond pulley. Tlu! sand 
is thrown into the hopjjer 
and, after laung mixed, 
falls in a heap on the floor 
around the machine. The 
use of roller bearings in this 
machine is an important 
feature. 

It is very dillicidt to secure a sufficiently uniform product with 
a pug-mill or other appliance consisting of an outer casing with an 
inner revolving shaft carrying blades or knives, as the sand is not 
re(iuired to be in a sufficiently soft pasbu A centrifugal sand- 
mixer mad(( by fkdk'rs consists of a shallow chamber in which 
a number of stirrers rotate, thus churning up the mass. This 
machine ensures very thorough mixing without altering the shape 
or size of the grains. 

Much Ixdter re.sulto arc obtaimul by a process of mulling, in 
which the materials are rubbed together on a plate by means of 
a muller, or, if this is too slow an appliance, by means of heavy 
rollers revolving on a fiat pan and loiown.as “ edge-runner mills'” 
or “ pan mills.” Those machines effect a thorough knea(iing and 
mixing of the damp sand, and, when properly designed for the 
purpose, are suikuior to any other mixer for moulding sands, on 
account of the extent to which they coat the grains of sand with bond. 



(.'. K. r. IlKlI, SheHirU. 
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r.age-runmr mills are used for milling moulding sands more 
than any othjr type of mixer. They are usually 3-() ft. dianieU'ii, 
with a solid bottom or pan, runner, or rolls from 1 ft. (i in. 3 ft. (ijn. 
diauKiter and (i-lH in. wide, and weigh li ifO ewt., the most eon- 
venient being about 3 ft. diameter, 15 in. wide, and weighing 
about 12 ewt. They should not be too large oi' heavy, or tliey will 
crush the materials instead of mixing them. 

The rolls may lx; plain, grooved, or fluted. 'I’he author has 
f)btained the; most effective fixings by means of an edge-runner 
mill with a revolving pan and three sci'apers to ensure the material 
Isiing turned over repeatedly and kept as long as ])ossible beneath 
the rumiers. Some mak'rials re<pnre a longei- time for mulling 



than others, but 20 mins, is an averag(^ period. As explained on 
p. 123, over-milling .should be avoided. 

Undue grinding may be inevauiksl by ke(^ping the runners 
.slightly above the pan (a very small fi aetion of an inch is sullieiimt) 
and by driving the pan instead of the lunners; tlK? latter nwolve 
as the result of the friction ixitween them and th<! sand in the ])an. 

The matc'rial to be milled should contain just enough water 
to give it th(! napiired consistency when tla^ milling is eom])leted. 
It should not be wet enough to form a past(^ ; on the contrary, 
the drier the sand, provided it has sulliekait )ila,stieity, tlu! better. 

Aerating Sands.- In order that sands which have once been 
used may be rendered perraeabh* to gases, they are |)a.s.sed through 
a disintegrator (p. 124), which reduces any lumt)s or eonglomcrated 
masses to a loose powder. The ])roces.s is known as acTating, 
though actually it is a simple crushing process. . 

Sifting is desirable after the sand mixtui'c has been mulled, 
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as edgo-ninner mills tend to compress the material into cakes, 
which may cause “ scabs ” on the metal. « 

< Matunwj the, Sarul .—Most moulding sands ans improved by 
storage in a cool and dry place for some hours, and still more so, 
if they (am be kej)t without becoming too dry, for a fortnight, 
though a short storage of a few hours (say oVorniglit) is better 
than none. This storage jjermits the water or other fluid pre.sent 
to distribute itself uniformly through the mass. 

Rfrlaimilion of Old Hand. —Much (taluable sand is thrown away 
as waste which might be reclaimed by suitable treatment. This 
is particularly the case with old facing sands and also with floor 
sands. Thus, the sand containing an excess of chamM binder is 
often thrown away, but it haa Inxm found by W. E. Rrinco that 
by grinding it with a sharp rock sand much of this carbon film may 
1)6 remov(‘d and the sand may then be supplied with a fresh organic 
bond and used as mnv sand. 

Sand whudi has been used “ gtais dead ” or is “ burnt ” chiefly 
because the binding agent in it has b(>en destroyed by the heat 
from the molten metal or in the ])rocess of “ baking ” th(( moidds. 
The change is due entirely to the deeom])osition of the bond ; in 
the cas(! of a clay bond, tlu; clay is (converted from a plastic material 
composed of a large number of minute grains, each easily separated 
in water, to a hard, stony mass, which is devoid of plasticnty and 
can only be redmed to powder by intemsive grinding. Even then 
its plasticity cannot be restored by any artificial means ; the clay 
is u.s(!l(!ss, and, what is worse, the saiul particles which have been 
united with the burned clay are equally usele.ss, as they cannot 
be separated from it. 

Only that portion of the .sand which has been heated sufficiently 
to deeom)«)sc the clay is “ dead ” or “ burnt ” ; the remainder 
is as good as though it had not been us(!d. The difficulty is to 
separate the burnt sand from the unalt(>rcd material, and no wholly 
satisfactory method has been found. Some of the principal 
methods used arc described later. With an iron bond (p. 99) 
a similar decomposition oeeuirs, but the restoration of the iron 
compound is lumdi more easily effected, and in any case the burned 
product is not so hard and stony as that from clay^ With an 
organic bond, the product is a charred mass, which is rcdatively soft, 
but very tenacious and difficult to remove by mechanical means. 

The method which is most .suitahl(( for restoring a moulding 
sand must !«' varied to suit the nature of the sand. Thus, in a 
clay-bond((d sand free from added organic bond, the useless material 
is in comparatively large pieces, and most of it can be separated 
by passing the sand over a pair of suitable screens or sieves (1.442), 
such as a 25-m((sh and an 80- or fOO-mesh sieve respectively. 

The reclaimed sand, as well as the waste material, should be 
subjected to the action of a magnet in order to remove any metallic 
iron, which would otherwise be lost. A method which may be used 
for this purpose is described in V'ol. I. p. 430. 
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The coarse material rejected bv the 25-me8}i sieve may be 
passed through a disintegrator (I. 352) and reduced to powdei 
and the product screened on the two si(nes just mentioned. TJhe 
material pa.ssing the 80- or lOO-rnesh sieve is usually too tine to 
be of use for ordinary jnirposes. MoreowT, it (contains all the 
dust and riJw clay. The chief disadvantage of this treatment is 
the; removal of the u.sidul clay bond, which has to be replaced by 
added clay ; the latter, however, is si'ldoin so .satisfactory as the 
clay which occurs naturally,in the sand. A further drawbaerk 
iij the difficulty of passing the fine material thrrmgh the 80-mesh 
sieve, as moulding sands usually behave as if they were slightly 
damp. This ditliculty may Ix^ avoided («) by Mashing the sand 
and carrying off tlw? fine particles in sus|»'nsion (but this neeessitates 
drying the sand afterwards), or (/i) by means of an air-separator ; 
tliis is usually suffiensntly satisfactory, though the .separation 
effected is not so sharp as when the sand is washed. 

When the sieving and disintegrating treatnamt jiist rccommen(le<i 
is regarded as unnecessarily costly, it will sometimes suffiet' to 
pa.ss tlie iised sand tlu’ough a Rapp Ibw'ivitier (1. 353), which is 
very popular in the United States. 

When the used sand eontaias a burnt organic bond, the latter 
may be loosened by mixing the old sand with the new .sharp sand 
in a rotary drum containing a numln'r of steel balls or pebbles, 
th(! drum being rotated slowly so as not to grind the sand too tine. 
The product is then passed into an air-separator to removt- the 
fine material, which contains most of the loosened and us(des8 
decomposed bond. Alternatively, the orgaiue matter may be 
burned out by blowing the sand through a hot furnace or burner, 
and aft(U'wards screening it to remove material which is too coarse 
or too fine to Ix! of service. 'J'his method is not really satisfactory, 
as it recpiires very careful maiupulation and is costly. 

A used sand is, of necessity, deti(aent in bond, so that a further 
■ quantity of bond must Im) added. Eireclay is generally employed 
on account of its refractoriness; but whenc this is not of great 
importance, feu ruginous (days may bcc more suitable. 

The difficulty exjKcrienced in causing the clay to (scat all the 
grains of .sand without making them stic.’ky is very serious, and has 
never bcjen fully overcome. If both clay and sand are kept dry, 
the covering of the grains of sand is incomplete ; if thcc clay is made 
into a slip or slurry and the sand mixed therew'ith, the product 
is almost cxirtam to Ik: too sticky. The former method is generally 
adopted, the dry clay and the sand being tumbled together in a 
drum or other mixer, or, better still, treated in an edge-runner 
mill (p. 124). 

Various attempts have been made to lestore or revivify mould¬ 
ing sands by the addition of chemical substances. Unless these 
are bonds, they cannot make good the bond destroyed by the 
use of the sand, and such non-i»nding chemicals.arc therefore of 
small value. 
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Tho customary method of restoring old sand by mixing with 
it, a large proportion of new sand is very imperfoet, and cannot 
be, regarded as satisfactory ; it is merely a makeshilt until better 
methods are introduced into the foundry, and it is in any case 
extremely wastehd. • 

The great disadvantage of applying any method (A reclaiming 
or restoring used sand in Rritish foundries is that in most cases 
natural sands arc used and any extensive reclamation will involve 
the introduction of artilicial mix^tres, which are admittedly 
inferior to the best natural sands. Whether the difference is 
sufficiently great to be rsmsidcred is seriously open to doubt, as 
the f<iw British foundries where roclamation is seriously attempted 
have benefited greatly by doing so. In the course of time the use 
of artilicial mixtures will liecome imperative, as the supplies of 
good natural moulding sands are distinctly limited, and as they 
are worked out they will have to be replaced by artificial mixtures. 
It would be a much wiser policy on the ))art of British foundrymen 
to reclaiiri as much spent or us<h1 sand as pf)ssit)le, as they would 
not onl,y effect a eonsid<Tablc saving in their sand-bill, but at the 
same time they would be gaining ex|X’riencc in the pr(^j)aration 
of synthetic sands which will stand them in good stead in future 
years, when the shortage of natural sands becomes serious. 

Testing Moulding Sands.—The principal tests to be applied to 
moulding sands are the following : 

1. Chmifal aiuili/si-f (I. 2;i7), including a determination of the 
moisture present, which is imfrortant. 

2. Mineraloijical examiruitkm (I. 25G), e.sixxdally as regards tho 
percentage of (prartz, clay, and fluxes. 

3. A Hiziwj or (Iradiwj test (I. 246), to show tho proportions of 
coarse, medium, anil fine sand, silt, and clayey matter. 

4. A Microscopical cxamhuition (I. 241), to determine the shape 
and other properties of the grains and also the nature of the 
impurities present. 

5. Plasticity or Rotul absorption test (I. 245). 

6 . A Refractoriness test (I. 260). 

7. A Porosity test (1. 2t>\). 

8 . A Permeability test (I. 263). 

9. Plrenyth tests, i.e. {a) tensile, (6) crushing, and (b) transverse 
strength tests (I. 265). 

The testing of the strength of moulding sands in the green state 
(p. 77) is very difficult, es{x;cially when the sands are very mild. 
The determination of the transverse strength is particularly difficult, 
and as a substitute for it R. C. Lindstrum has suggested that the 
test bar should measure 12 in. x 1 in. x 1 in., and that it .should be 
slowly pushed along a glass plate until the overhanging portion of 
the bar is greater than tho strength of the material and the bar 
breaks. Lindstrum has stated that such a bar should not break 
until it projects<at least 2| in. beyond the edge of the plate. 

In some cases it may be desirable to separate the clay or bond 
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from the sand and to test the strength of the bond. These tests arc 
usually made fn the following sized picc^es ; tensile test on 8-shapcd 
piece with breaking section 1 in. x 1 in., ns ii.sed in testing Portland 
cement; co.mpression test, 2 in. x 1 in. x 1 ijj.; transverse strength 
test, 4 in. x hin. x 1 in. Ixjtween sup])orts. It is usually necessary to 
ram all the test pieces to a iletinite (iensity, c.g. 1 •7.'). It is desirable 
that moulding sands should Ix' fretpiently ti'sted for tensile stianigth, 
as this is related to their plasliritg and colienioit, which are most 
important projxwtii^s, so that it any sand is becoming unduly weak 
it may be revivified or a new supply of sand added. 

10. The shrinkage on drying may be of importance in some 
cases, particularly in loams. 


.SaNO fob LINI.VO MBTALLlIBtilOAl., FuHNAl'ES 

Sand is used to a ixmsiderable extent for lining tlx- hearths of 
open-hearth furnaces and cupolas and for the insides of ladles and 
othiu' articles used at very high teun|X‘ratures. The properties and 
nso of sand for the.se ]mrposes are described in the section on 
Samis as Refractory Materials ((hapter VII.). 


Sand as an Inobedient in Metae Mi.xtubbs 

Sand is .soinetinu« nsed instead of ferrosilieon to introduce 
silicon to miitals ; carborundum sand (1. 8(i) has also lieen used 
for this purpose and also for the production of metallic silicides 
and quaternary steels. The sand should be .sufficiently tine to 
combine readily with the molten metal and sufficiently [mre not 
to introduce undesirable impuritiiw. A white sand containing at 
least 96 per cent of silica which pa.s.scs eonniletely through a .W-mesh 
sieve is usually satisfactory. The sliaix;. of the grains is not 
important. 


Sand used in Smeltino and Reei.nino Metals 

Sand is used, to soini! extent, in the smelting of ores and the 
refining of metals to combine with any basic materials present 
and form a slag which rises and leaves the metal comparatively 
pure. Thus, copper ores, rich in sulphides, are mixed with silica 
or a siliceous ore to combine with the iron oxide formed when the 
ore is roasted. In lead smelting, silica is also used for a similar 
purpose. The conversion of copper mattes in a Bessemer converter 
is also effected by mixing them with about one quarter to half 
their weight of quartz. 

The sand used for fluxing need not have any sfX'cial properties, 
except that it should consist as far as ixissible of free silica. All 
the other oxides and minerals present in impure sands are quite 
useless for fluxing purposes. Hence, the best sand is that which 

VOL. u . K 
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leaves the smallest residue when heated with hydrofluoric and 
si^lphuric acids. The percentage of silica present Wnot a reliable 
guide to the purity of the sand, as silica in the form of felspar, mica, 
etc., is useless to the si/ielter and refiner. 

The silica may be in the form of quartz, quartzite, o. sandstone; 
the material is crushed to fairly small pieces, but need not necessarily 
be reduced to powder. 

Carborundum sand (I. SO) has ^also been used as a flux for 
reducing copjaer, nickel, and lead from their chlorides. 


Use Oil' Sand vor Wbldino 

Sand is sprinkled on the surfaces of pieces of iron to bo welded. 
This forms, with the oxide on the surfaces of the metal, a fusible 
silicate, 2FeO. SiOj, which protects them from further oxidation, 
yet is easily squeezed out when the two pieces are pressed or 
hammered together. By this means, good metallic contact is 
produced and a good weld is obtained. Large pieces of metal are 
.sometimes heated in a sand-bed for the same purpo.se. 

The sand used in this way should consist of very small particles, 
and should be passed through a 50-mcsli sieve before use. As only 
the silica is required, any impurities are objectionable, and the purer 
the sand the better. No other a|x;cial qualities arc required. 


U.sB OF Sand for Enamellin(j Metals 

Sand is used in the preparation of enamels applied to metals. 
These enamels are really glasses, and the sand used in their manu¬ 
facture should have the same properties as the sand used for making 
glass. The prescncA' of silica in enamels hardens them and increases 
their resistance to acids and to heat. An excessive proportion of 
silica causes the enamel to “ chip,” whilst with an insufficiency of 
silica the enamel is very liable to crack with slight changes in 
temperature. 

Fine river or jjit .sand, small fragments of quartz or flint, or any 
form of free silica which is sufficiently pure may be xsed, but the 
most suitable sands are those used for making white {i.e. colourless) 
glass, though for dark-coloured enamels sands which are rather 
less pure may be used. 

For most enamels the sand should contain 97-09 per cent of 
silica and not more than 0-33 per cent of iron oxide. A small 
percentage of alumina, preferably in the form of felspar, is desirable, 
as it increases the brilliance, hardness, and refractoriness of the 
enamel and enables it to adhere more firmly to the metal. Un¬ 
fortunately, alumina renders the molten enamel more viscous, and 
consequently spme difficulty isi, experienced in pouring it. An 
excess of alumina is objectionable as it makes the enamel opaque. 

Sands to be used for enamelling should be flee from clay, for 
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although it forms one means of introducing alumina it is inferhir 
to felspar. Moreover, it is difficult to find a sand containing a 
suitable proportion of clay without also containing too much iron 
oxide, which discolours enamels. It is therefore better to avoid 
clayey sanSs in the preparation of enamels. 

The presence in the sand of a small pio])ortion of lime, potash, 
and soda is not objectionable, ffiit tlu^ proportion of inagiu^sia 
should be as low as possible', ^s it niahcs the molten enamel vise'ous. 

The shape and size of the grains should Ih' the same! as in sands 
used for glass-making (sec Chapter XII.), exce])t that the ]>roport ion 
of rock flour, silt or dust ))assing thnuigh a 200-niesh sieve shoidd 
not be large, as extn'inely minutt' partie'les of silica rapidly attack 
the crucibles in which the enamels are melted during their 
preparation. 






CHAPTER VTI 

THE USES OF SANDS AS REFRACTORY MATERIALS 

As previously explained (1. 230), silica, when pure, is a highly 
refractory material, and <!onst!qii<‘ntly has many uses in furnaces 
and other situations where high temporatur(« are attained. As a 
refractory material, sand is used in four ways : (a) as a sand, {b) 
in the form of bricks or blocks uomposful of sand or crushed rock, 
bound tog(dher by a suitable agent, such as lime oi' clay, and used 
as refractory materials in the construction of the furnaces, etc., 
(c) as an ingredient in the materials >ised for certain crucibles, and 
{(I) as a cfinstitucnt of a refractory ceuumt or “ compo.” 

Th(! ))rineipal requirements in sands and crushed rocks which 
are to be used for refractory juirposes are, of <>our.se, a high degree 
of refractoriness (j). 13H) and inertiuws, which arc dependent on the 
chemical composition of the material and on the size and sha)ie 
of the grains, but other ])roperties must also Ik; taken into con¬ 
sideration, if the best possible product is to be obtained. 


Sands Fon FunNACE Lininos 

Sands and crashed rocks are used in varioirs metallurgical 
furnaces, es|)oeially tho.se of the opcn-hcarth ty(ie, for the con¬ 
struction of the hearths and the lower parts of tlu; sides of the 
furnaces. Thus, in the opm-hmrlh Jurmres used for maki'ng steel 
(Fig. 7), the bottom of hearth is foi'incd on a foundation of brick¬ 
work by placing upon the latter a scries of layers of silicieous 
material, the lowest consisting of crushed silica rock, with which 
a small proportion of sand is mixed, the succeeding layers con¬ 
taining an increasing jjroportion of sand until the topmost layer 
consists almost wholly of sand. I'he material for each layer is 
placed on tlus hearth and banked up at the sides in layers about 
J in. thick, until a total thickness of 3 ft. or more is attained. The 
sides of the hearth are sloped to the “ angle of rest ” of the sand. 
The purpose of the sand-hearth is to provide a bottom or basin 
which will not rpact seriously wikh the metal, and yet will absorb 
any slag left aftcu- the removal of each batch of metal. The sides 
of the hearth or “ banks ” must be high enough to protect the lower 
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part of tlic walls of the furnace and may I)o regarded as ])art of 
the hearth. , . • 

When one lajer of material has been placed in positioi» its 
surface is fritted or fused sm)erlieially hv heating it for about 
tim miniil^'s to “ lix ” the .sand or “ Iniin iSin.” As the sueeeeding 
layers of sand are heated, and f)articularly when the furnace is in 
use, some of the material is converted into the low speciiic gravity 
forms of silica, viz., tridymit(' and <'ristolialit(‘ (1. 22(i). TIm‘ eon- 
vasrsion takes placid to a imuii greater extent in the sjuid applied to 
the sides of the Lirnaee above the level of the molten metal than 
in the hearth itself, and sonu! of tJu^ " sand ” on the sides of lh(^ 
furnae(5 may eventually consist ehielly of cristoh.ilile, as the 
temperature attained ('.) is well al)ov(^ the transition 

point. Below this, tridymite is childly formed, the interlocking 
crystals forming a very .strong Ixdt and giving great rigidity to the 
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hearth. The inb-rstices Isitween the silica ei-ystals in both these 
zones are lilled with iron silicate, largely fayalibi (2FoO. SiO^). Still 
lower in the hearth, where the temperature is lower and the ])enetra- 
tion of tho.iron is mneh less, the hearth consists chiefly of unaltered 
quartz, with occasional traces of tridymite. In some eases the 
iron penetrates right to the brickwork hotto?n of the hearth, hut 
this only occurs when there are craidis in the sand. 

When a sufficient amount of sand has been ))laeed in position, 
it is “ washed over ” with iron slag to fill in the crevicx's and give 
a smooth, dense surface to the hearth and sides of the furnace. 
The slag also accelerates the conversion of the silica to the low 
specific gravity forms, and it also aids in binding the particles 
together. When the furnace is in use, iron oxide comes into contact 
with the sand and further aids in binding together the particles, and 
in the conversion of the silica. When a hearth is new, it is com¬ 
paratively porc*is, but after being washed over with slag, its porosity 
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IS reduced and still more so after it has lioon used for some time, 

as the iron jametrates into the sand and renders it, increasingly 
impervious, so that, as the hearth becomes older, loss metal is lost 
by absorption. Even in a widl-built hearth the amount of iron 
absorbed is considerable, as the up|x;r layers of a h 9 arth after 
prolonged u.se may only contain 70 per cent of silica, most of the 
remainder being silicate of iron. Above the level of the metal the 
penetration is, of coursir, less, but is still considerable. 

Repaii-s are usually necessary after each h(^at; those to the 
hearth are usually made by dropping sand on to the weak spots 
and tamping it down, whilst the banks are strengthened by throw¬ 
ing sand on to them. The residual slag on the hearth gradually 
combines with the new sand thus introduced and .securely fastens 
the particles to each other and to the hearth, so that they form 
part of it. 

Furnaces for malleable iron have hearths madis of silica sand, 
similar to tho.se in open-hearth furnaces. 

In cujmlas, a layer of sand and clay is rammed upon the “ bottom 
doors ” to form a .sloping hearth about 3 in. deep at tlu; shallowest 
part, with a slop(! of about J in. |)er ft. This “ hearth ” is required 
to protect the metal doors during the melting of the metal, but 
it must not bake hard in u.se, or troiibl<! will occur when it is desired 
to o|ien the doors. It must, therefore, contain sufficient clay to 
bind it, but no excess, as that would cause cracks. A clayey sand 
is largely used for this purpose on the ('ontinent, but most of the 
cupolas in this country are lined with ground ganister (T. Ill), 
wliich is tanqK'd into place. In some cupolas, mixtures of clay 
with other silica rooks ar(i employed, the particles being bound 
together by the fireclay, and in others an old moulding sand mixed 
with clay-water is employed. 

Sand is also used to form the bottom in soaking jiits and some 
reverberatory furnaces, for coating the baths wbicli hold the molten 
metal in fettUn/j furruices, for lining the heating chamber of surface 
combustion furruices, and for sundi'y other purposes. 

The ladles used in casting molttm steel are often lined with a 
mixture of sand and lireelay. 

In furnaces for smelting and refining copper, i.e. the rcTjerberatory 
or open-hearth types, the hearths are generally made of sand, 
though in America crushed quartzite or sandstone is more frequently 
employed for this purpose. The hearth is constructed in a similar 
manner to those of steel-melting furnaces, except that copper slag 
is used instead of iron slag to consolidate the sand and form a strong 
and impervious hearth. 

The sand hearth is made in two parts, the first about 12 in. 
thick and the second layer about 4 in. thick, the latter being 
replaced when necessary by adding more sand until the thickness 
of the hearth is inconveniently great. Some furnace men use very 
little slag in rebuilding the funface-bottoms, but others apply 
melted slag after each addition of sand. After applying the last 



SANDS I'OR Furnace linings las ;- 

layer of sand, finely grouVl slag may be spriiftled around the* 
junction of the bottom to the side walls with a mixtm-e of fireclay 
and crushed quartzite or sandstone, this final 'coat bcmg fired for 
about an hour to harden it properly. * 

In some American copper furnaces, t4e hearth consists of a 
bottom la/er of poured slag 2 ft. thick, covered by a layer of 
broken fire-bricks about 1 ft. thick, which is, in turn, covered with 
a layer of tamped sand 26 in. thick. TIu! lu^arth (before adding 
the last lot of slag to close un the pore.s in the surface) is carefully 
fired for six or .seven days, after which the final dose of slag is put 
on and the hearth is again heated superficially to enable it to 
absorb the slag. The furnace is then charg(!d in the ordinary 
way, about two weeks’ regular u.se being necessary to saturate 
fully the up]x^r layers of the hearth. A much larger proportion 
of slag is used in the hearths of copper-smelting furnaces than in 
those of steel furnaces, and sometimes oxidised copjKir scrap or 
copper scale is jmt on to tlic! hearth so as to combine with the 
silica and form cuprous silicat<! which saturates the ujqxfr part 
of the hearth and gives it an imj)orvious surface. It is sometimes 
desirable to scatter a high silica sand or ground quartzite upon 
the hearths of copper furnaces so as to combine with some of the 
copj)er and form a slag which will render the surface impervious 
and thus prevent an excessive loss of copper. In short, the hearth 
must be maintained highly siliceous to prevent metal penetrating it. 
However well the hearth is made, some metal will be absorbed, 
but this can be minimised by the u.s(5 of a suitable graded sand 
and by skilled workmanship. The hearths are repaired by dropping 
sand through holes in the roof on to the corroded parts of the 
furnace, ami where possible, tamping the sand to consolidate it. 

The seltlers used in (s)njunction with copper reverberatory 
furnaces are sometimes lim^d with sand ; this is less economical 
than magnesia, though cheaper in first cost. A damp mixture 
of crushed quartz and clay is often used as a packing (about 12 in. 
thick, where chrome bricks are used, but only 4 in. thick if the 
settlers are lined with silica bricks, as the heat conducted through 
silica bricks is much less than that through chrome bricks) Ixitween 
the lining and .shell of the blast-furnace settlers used in copper 
smelting. ’This packing is not subject to any great heat or corrosion, 
and need not be sjxcially refractory. It is us(!d to act as a cushion 
to enable the chrome bricks comprising the lining to expand, and 
it also serves as an insulator, as chrome bricks are fairly good con¬ 
ductors and allow a considerable amount of heat to pass through 
them. 'Repairs to settlers in the copiier-smclting industry are 
usually effected by tamping crushed quartz into the corroded or 
worn part by means of bars. 

In lead,and silver fvrnaces {cupelling furnaces) the lower part 
of the hearths are often composed of a mixture of sand and clay 
applied in the form of a damp mass, but not as ^ paste, the upper 
surface being made of clay, cement, and bone-ash or magnesia, 
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siliceous sand as a refractory lining in industrial furnaces, particularly 
for those used in melting brass and other alloys. , 

^Zirconia and zircon sands (I, 168) have also teen used for the 
same purpose, but they are too costly except for very small furnaces. 

The properties requ^.red in sands to bo used for l]<iarths and 
linings are, mainly, refractoriness and inertu<‘.ss to the metals 
and slags with which they come in contact. Sands consisting 
almost wholly of silica are chiefly usisl, but during leccnt years 
other mahirials .such as carborundum^ burned moulding sand, etc., 
have te*n employed. 

The refractoriness of the sand must, naturally, depend on the 
temperature to which it is likely to be oxpo.scd, and tliis is much 
greater in a steel-melting furnacs! than in a cojjper- or brass-smelting 
furnace. As, how(!ver, th(! more refractory sands are much safer 
to use and the difference in cost is not gre^at, it is preferable to 
employ a sand whidi has a I'efractoriness not less than that of 
Seger cone 33 (1730" C.) for all hearths. In sti'cl-melting furnaces 
a refractoriness erpial to cone 3.') (1770“ 0.) may usually be jrrrffcrred, 
as such hearths attain a temjKirature approaching that of molten 
steel, namely, 1600“-10.')0° C., whilst the sides may be nearly 17(K)° C. 
At the same time, the sand ustid for the hearths of furnaces should 
not be so refractory that it will not fuse sujierflcially to such an 
extent as jrrst to bind the particles together without causing the 
material to flow. A sand which is too rrffracdory nray easily be 
“ let down ” by rrrixing it with a Irrss rcfractor'y sarui, and con- 
versel 3 ^, a sand which is too fusible may sorrietimes be made 
satisfactory by the addition of a more refractory .sand. The lower 
part of the hearth need not be so refractory as the upper part, 
because its temperature is much lower'; conseqrrently, it may very 
conveniently be saturated with ir'on, provided this is not oxidised, 
as the metallic iron gives strength to the hearth. 

The chemical composition of sands used for furnace hearths, 
etc., is very important, as it is so closely cmmectrsl with their 
refractoriness. For the latter, it is essential that if a siliceous sand 
is used it shoidd contain as high a percentage as possible of pure 
silica. Only colourless quartz can safely be used, the coloured 
varieties being too impure. Crystalline silica must be,used where 
the greatest refractoriness is required, as amorphous forms of 
silica fu.se at a lower temperature. Where the working temperature 
is not too lugh, however, amorphous silica is quite satisfactory. 

Crystalline silica is available for use as a nffractory material in 
the form of rock crystal, sand, sandstone, quartzites, schists, etc. 
The forms of crystalline silica which have a low specific gravity, 
namely, tridymite and cristobalite, are very desirable ; they are 
formed to some extent when silica is raised to high temperatures 
(I. 226). 

The sand used for lining the hearths, etc., of metallurgical 
furnaces should tentain 95-99 pe’r cent of silica; the average of 
the suitable British sands is, according to Boswell, about 98 per 
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cent, but the Belgian sands which have so long been used in this, 
countrj' contain almut 98-8 per cent, whilst D^itcli sands contain, 
about 97-5 jkt cent. , 

b’urnaces used for copper smelting do not require sucli refractory 
sand a.s stecj-irndting furnaces, on account oOtlie lower temperature 
at which copper furnaces arc worked ; a sand or crushed stone, 
containing 95-97 jkt cent of silica is suitable ; in some cases, a small 
proportion of flux is added in order to .secure the necessary fusibility. 
A mixture used for lining tome copper converters in America 
consists of siliceous ore and pond slime, and (smtaius only ()0-70 
per cent of silica, 19-12 j)er cent of alumina, and 5 per cent of iron 
oxide! 

In Swansea, sea sand (iontaining 88 |M.r ecsit of silica, 2 ])cr cent 
of alumina, 2-7 per cent of iron oxide, and 3-8 per cent of lime and 
magnesia, is sonutimes used for the hearths of co))|)cr-smelting 
furnaces, and contains sufficient fluxing material to l)e useil without 
any further addition. 

The impiiriticii in .sands containing 98 ])er cent or more of silica 
(such as those used for the healths of steel furnaces) must necessarily 
be small, and a detailed consideration of them is sc.areely necessary. 
In the less pure sands used for copper-smelting furnaces, ct(\, the 
impurities are somewhat more important. In both cases, the 
ones of most importance are clay, tiuxi's, organic matter, and water. 

Clay may or may not be a desirable eonstitiienl in open-hearth 
furnaces ; a small <(uantily may be jiresmit with advantag(! if it is 
sufficiently pure not to introduce undesirable tiuxes into the sand, 
as it adds to the rigidity and im[)ermeability ot the hearth. In .some 
cases, 1 part of brown loamy sand is added to -1 pai'ts of refractory 
sand to give the latter the necessary fluxing power. The (diief 
objection to clay is that in contiu^t with iron oxide it produces 
a fluid .slag which rapidly cuts into the sand hearth and sides and 
necessitates freqw'iit re[)airs. Iron oxide has the sanu. ellect on 
sand, but the particles of .sand are so much larger than those of 
clay that the latter is attaekisl far more ra])idly. Its action, how¬ 
ever, is not so serious as that of moic fusible alumina compounds, 
so that a small proportion cannot do much harm to the sand ; a 
largo propojtion, howevau', should not be present. It is seldom 
safe to use a sand containing more than 3 ixr cent of alumina 
(which corresponds to 7-5 per cent of clay) for tlic hearths and 
banks of steel furnaces, but for furnaces used for suudting other 
metals at lower temperatures a larger proportion of clay may be 
present. 

Clay is frequently mixed with the sand and, by dropping the 
mixture into the furnace, is used to repair th(; furnace hearths and 
fill up the corroded spots ; this process is sometimes known as 
“ claying,” a very siliceous clay being luscd in some works, whilst 
in others a mixture of sand and clay is employed. 

A moderate proportion ot cla/is very desirablefin the sand u.sed 
for furnace lini^jgs other than the hearths, as such sands require 
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a binding material in ordor to make tliem adhere to the structure. 

The clay may oceiy naturally in the .sand, or it may,be deliberately 
aiided to a sand or crushed rock. Thu.s, tlu' natural ganistor used 
for lining convcrter.s, (Tucible fuma(!e.s, etc., contains 5-12 per cent 
of clay as a natural ingredient, which maki“s the gap'ster a self¬ 
binding material. Whens cruslu-d (juartz free from clay is used 
for tam])ed ]ining.s, it may be tiiixed with 0-25 per cent of fireclay, 
.so as to produce a raalerial which is sufficiently cohesive to bo rammed 
and remain in its place when tlii^ foryi i.s removed. 

Whenev(U' a mi.xturi^ of clay and .san<l is us(al in a furnace, the 
proportion of clay must not be ex(x'ssive, or the. ini.xturc! will .shrink 
unduly and cracks will occur. The b(«t lesults will be obtained 
if sufficient clay is pnwent to ensure the necessary binding effect, 
after which any additional clay is detrimental. 

It is most important that the clay used in sand mixtures for 
furnace work shoidil be highly ixrfractory, as a clay which is loss 
refractory than th(^ .s,and may cause serious troidrle on account of 
the fusion of the clay during use, which may cau.se the disintegration 
of tlu! lining. Thi^ clay should, therefore, be ,at least as refractory 
as the sand cm|>loy(al ; it is also important that it .should be as 
plastic as possible, so as to redutx' to a minimum the proportion 
of clay required to bind the particles of silica or otlurr non-jrlastic 
rrraterial together. This is desirable, becartse howevi'r prrre a clay 
nray be, it introduciw very fim^ irarticles irrto the mixture ; these 
ar(! undesirable, as they are so I'eadily attacked by any lluxes present 
and so irrerease the [rroporlion of fused rnatmial. 

Fhues (I. IS4) ar e rmdesirable irr r-efractory sands, as they reduce 
the refractor'iness of the material. Not more than 2 per cent irr 
all of lime, rnagrresia, and alkalies should be jrr'eserrt, artd a still 
smaller proportion is found in the best sands. These oxides occur 
chiefly in the form of felspar and miea, and whilst felspar is less 
harmfrtl than mica, neither should lx; pre.srmt in appreciable pro¬ 
portions or the sand will be excessively fusible. 

Jroii compoiimis always occur to a small r^xtent irr sand, but 
should not (r.xceed the erjuivalerrt of 1 per cent of ferric oxide. 
Ferric oxide or limonite in the forttt of a film over thr; sirrfaees of 
the sand grairts seldorrt does any harttr, but iron sulphj.de (pyrites) 
is very objectionable, as it forms a ftrsible silicate. 

The sand composing the hearth or the lower part of the walls 
of a rnetal-nrelting furnace is ptmetr.ated by iron oxide or other 
metallic^ oxide from the molten metal. This oxidt; exerts a corrosive 
influence on it and forms fusible silicates, so that unless the sand 
is very pure and free from fluxes, an excessive amount of fusion 
will occur and the hearth or lining will be useless. A hearth in 
which too much fusion has occurred will have its pores or interstices 
filled with molten metal and slag, and so will not lx; sufficiently 
absorbent to retain the slag and metallic oxide, which is part of 
its regular work* without itself Aising to any great extent. The 

■ selection of a suitable sand is rendered all the morp difficult in the 
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case of open-hearth steel furnaces by the fact that the iron oxide is it 
the ferrous state, and therefore acts as a ))owerful Jinx. Fortunately-, 
the purest available sands, wduur not eoui])osed of too small grains, 
arc well suited for the purpo.se. Crushed ganister or a mixture (d 
a pure siliat). sand with iireelay may be u.si4l when a more plastic 
material is reepnred. 

Organic matlcr (1. 200) is undesirable in a sand u.sed forfurnaec 
hearths or linings, though less than 1 ])er cent will usually do nc 
harm. » 

Moisture ..—It is imyxirtant that sands used for hearths and 
linings of furnaces shoidd be ftee from moisture, as olhenvise much 
troulilo may bo caused. When tlu^ furnace is heated file hearth or 
lining may crack, and any steam trapped in the sand may cause 
explosions and blow out portions of the mateiial, even if it does not 
in other ways seriously damager the furnace stiuetuie. lienee it 
is very imi>ortant that all sand usc'd for such purposes shoidd bo 
thoroughly dried before; the furnace is used. If a damp mixture 
of clay and s.and or a ganistsw is used, the furnace should be vei-y 
carefully anil slowly dried so as to remove all moisture before the 
furnace is charged. It is often necessary to use damp material for 
lining a furnace, because the necessary adhesion can be secured in 
no other way ; but when the lining or repairing is completed no 
pains should be spared to cirsurc that all the moisture is removed 
from the; material by cai’efully drying those parts of the furnace 
in which it occurs. 

The shape of the grains of sand diiyrends on the |)urpo.sc for wdiieh 
they arc to Ire used, h'or furnace hearths they should usually be 
sub-rounded or sub-angrdar, apyrroaidring to angular. A sand 
somewhat angular is more satisfaetor-y, as round-grained sands do 
not stand well on the “ banks,’' bc-eause the angle of rest is vei-y 
low ; in open-hearth furnaces the frank must be at a high angle. 
On the other hand, grains which are too angular do mrt lie suflieiently 
comjractly to firrin a mass irf minimum irrrrirsily ferr that partierdar 
size of grain. This is esiK'cially olrjei tiirnabk; for the uirpermost 
layers of the hearths, where tamping is often im|rossilrle, and the 
sand is rccjuiicd when thrown ern tir the bank to assume naturally 
a minimunt porosity and maxirnuin compactness. This is be.st 
attained by sub-angidar' irr yrartly r'lrundcd grains. For lining the 
hearths erf copper furnaces, many wirrkers prefer a more angidar- 
grnined material, especially in America, wliere crushed quartzite 
is largely used, as it gives splintery and angular grain.s, thirugh 
the results obtained are not as satisfactory as tho.se with a less 
angular material. In comparing grains of variirus shaires the fact 
must not be overhroked that the size of the grain also plays an 
important part which is sometimes attributed to the shafre irf the 
grains. Thus, large angular grains ari; more resistant than small 
sub-angular grains, but the difference lies much more in the effect 
of their size than that of their shape. 

The size of ttie grains of sand or cru.shed rock should depend on 
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the purpose for which they are to bo used. In sands used for lining 
the sides, hearths, pto., of metallurgical furnaces, th* grains should 
not usually bo less than 0-004 in. or more than 0 02 in. diameter, 
though the.se figures must not be taken too rigidly. Most of the 
sands u.scd in this coufttry for furnace hearths contain,over 95 per 
cent of grains within the.se limits, the bulk of tlio material consisting 
of grains 0 01 in. and 0 02 in. diaimiter. Crushed rock is usually 
coarsc^r than the sand, but if used in a dry statr; is objectionable 
to the furnaco-iiKsn, who find that it does not form a sufficiently 
dense and smooth hearth. For vertical parts of the lining a coarser 
mixture can bo u.scd, because the clay pre.sent enables a better 
“ finish ” to be produced. During the War, when more suitable 
materials were difficult to obtain, a very coarse sand obtained at 
Haydon Bridge, near Hexham, Nortluimberland, was used with 
satisfactory results. This material was examined by Bo.swell, who 
found that it (suitainod 37-8 per cent of grains over 0 08 in. diameter, 
8-3 piu- cent between 0 04 in. and 0 08 in. diameter, and 38-2 
cent between 0 (M)4 in. and 0-02 in. diameter. In America, quartz 
or sandstoms crushed to pass completely tiuough a 10-mesh .sieve 
is u.scd for tlie bottoms of copper-smelting furnaces, whilst in some 
eases 6-mesh material is also included ; the.se are much coarser 
than the sands used in Great Britain. 

Very fine grains of sand are undesirable, as they have a lower 
angle of rest, which is inconvenient in open-lusirth furnaces, and 
they are ;d.so attacked by fluxes more oa.sily than are coarser 
grains. 

When a hearth is first Imilt or is being rebuilt, the sand used 
for the lower layers may bo suitably gradcxl to some extent .so as 
to secure a maximum density, any remaining interstices being 
filled with molten slag which is absorbed by tlu! porous sand and 
binds the whole ma.ss .securely together. The sand used for the 
upjx'r layers and for repairing the hot furna(!e, on the contrary, 
should not be grad(«l, but should consist of uniformly-sized particles, 
becaus(! when a mixed sand containing grains of various sizes is 
thrown on to a hearth without any tamping, such partides of irregu¬ 
lar size will not fall in such a manner that the small grains fill the 
interstices between the larger ones ; they are much .more likely 
to a(?parate the large grains and thus incrcas(^ the porosity. With ’ 
a sand of uniformly-sized particles, however, this cannot occur, 
as, however the grains may fall, they will give the maximum 
compactness possible with such a sand without tamping or shaking 
down. It is therefore desirable, in repairs, to use sand consisting 
of particles of uniform size. Where it is possible to tamp the 
sand in the furnace so as to secure the maximum packing effect, 
it may be desirable to use a mixed sand, so as to minimise the 
quantity of pores, but where this is impossible a uniformly-sized 
sand js preferable. 

The Preparation of sands for''furnace hearths and linings is 
described on p. 158. 
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The Testing of sands for furnace hearths and Imings may usually 
be confined to the tests mentioned on p. KiP, care being lak<li 
to use only those materials whose composition and physWad 
properties are within the limits mentioned on jip. 138-142. 

w) * - 

Sands foe Refeao’ioey Sjlk'a Beicks 

The use and properties of sand for making building bricks 
have been dc.scribod in t!hayter 1., but in addition to these there 
is a largo and important class of biiek.s used in furnace, kiln, 
and oven construction and known as “.silica fire-bricks’’ or more 
often as “ silica bricks.” Their chief value lies in their great 
reskstanco to heat, which enables them to be tisial in the hottest 
parts of the furnaces and Idlns. Ifor some purjioses they are 
superior to fire-bricks made of fireclay and other refractory materials,' 
especially as tlnw are not umluly costly, are very resistant to 
corrosion and abrasion, and have a .slightly higher thermal con¬ 
ductivity than lireelay bricks. As they expand rather than shrink 
when in use (as do fin'clay bricks), they are particularly useful 
for the upper ])arts of furnaces, such as arches, crowns, etc., as 
bricks whidi do not contract do not so readily fall from the roof 
or arch and thus tend to avoid the collapse of the structure. In 
this respect, silica bricks are particularly useful in glass furnaces, 
where tli(! fall of fireclay from the roof would eontaminato the 
glass. 'I'hey are used in furnace.s where stnmgth is required at 
high temperatures, as in gas-fired furnaces and kilns, on account 
of the fact that silica bricks when heaf tal under a load do not soften 
gradually as do lireelay bricks, but ndain their shape to a high 
temperature and then fail suddenly. 'I’hey are also used in 
reverberatory open-hearth and other metallurgical furnaces in 
which constructional materials of an acid nature are required. 

They have been increasingly u.s<'d in recent years in the con¬ 
struction of coke ovens, as they have a rather higher thermal 
conductivity than fireclay bricks, witli the result that coal can be 
distilled rather more rapidly and at a slightly less cost. In addition, 
they are le.ss readily attacked by the salts in the coal. 

The chjef disa(ivantage of silica bricks is that they are unable 
to withstand sudden changes of temperature ; under such condi¬ 
tions th<iy crack and spall, so that they must not be exposed to 
rapid variations in temperature!. 

Tridymite bricks are silica bricks in which the whole of the 
silica has been converted into tridymite ; such bricks arc constant 
in volume and do not spall in use. No brick on the market consists 
entirely of the low specific gravity forms of silica (I. 177), but 
some contain a large proportion of these materials. Brieks contain¬ 
ing a large proportion of tridymite are used for the same purposes 
as ordinary silica bricks, but they have a greater durability. 

> • 

* See Refractory Materials; their Manufacture and Uses, by A. B. Searfe 
(6ri£Sn, London)^ 
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(lankier bricks are made from ganistor, a natural mixture of 
s>liceou.s material !^nd clay, which is self-binding cn account of 
thQ, clay present, and so merely needs to Iw crushed to the required 
fineness and mixed with water and sometimes a littio iime to 
increase the cohesion of the material, (lanister brhdis may be 
used for practi(udly all the piirposes for whieli silica l)ricks arti 
employed, but tiusy arc; more constant in volunu! on account of 
the contraction of tlu^ clay neutralising some of the expansion of 
the silica. In some eases, the neutmlisation is so exact that the 
bricks neither expand nor contract in u.so. Such bricks, however, 
contain a largiT amount of clay than is found in the best ganister 
and are really semi-silica bricks (p. 14.5). 

Kami bricks arc composed of sand to which a suitable quantity 
of lime is added .as a bond. As the raw material is alre.ady in the 
form of ]iowder it does not need to bo eruslusl before making into 
bricks. The waste sand from gla.ss works has b(s‘n uscsl for making 
such bri(ds, but th(\v are of inferior quality. Th(( disadvantage 
of sand bricks is that it is very difficult to obtain a raw material 
in which all tlK? grains .are of suitable sizes to make a .satisfactory 
product; wlu're tJu'v do so and tin; sand is sufficiently puri', the 
bricks are in every respect as good as brii^ks made by crushing 
silica roifcs. Ap.art from the small qu.antities of n.atural sands 
formed by the action of the weather on highly siliceous rooks, 
which m.ay suitably be used for tht^ manufacture of silica tire-bricks, 
there are other deposits of sand which can b(! used for this ))urposo ; 
one of the best known is a loamy sand of a greenish-grey or white 
colour which occurs in deposits up to 5 ft. thick at Ewell, Epsom, 
and Chalfont St. Peters, Bucks (I. (1!)), from which llu' Ewell 
bricks are made. These bricks are n^d in colour, due to the pro¬ 
portion of iron oxide prc.sent, and are quite soft, .so that they can 
readily be sawn or carved to .any desired shape. They need to 
be handled with care, and are only moderately refractory on 
account of the large proportion of fluxi^s present, yet they are 
used extensively in the south of England for domestic fireplaces, 
the cooler parts of furnaces, boiler and retort .settings, etc. 
They are .specially valuable^ wlu're it is nec(!ssary to cut the bricks 
to a siweial shajH). 

Flint bricks are made from Hint whieffi has been cnisffiid to a 
suitable size? and mixed with th<! required proportion of lime to 
bind the particles together. Such bricks are of inferior qu.ality, 
owing to the great expansion whieh they undergo when heated 
if raw' flint is used; and where the flit\t is calcined Wore use, it 
is difficult to make a brick which is sufficiently strong. Flint 
bricks should only be employed where the conditions are not 
stringent, or where bricks made of extremely small particles of 
silica are required. A small proportion of finely-ground flint 
added to the crushed rock or sand used for silica fire-bricks is often 
an advantage. ' ‘ 

Flint-clay bricks are a variety of semi-silica brjoks which are 
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made in America. They are used for lining furnaces, kilns, and 
other structurijs where refractoriness and eon3t*ncy in voluirts are 
necessary. They contain no flint, but are made of a hard flint- 
clay and a softer binding clay. 

Besides«isilica bricks, comiroscd of almftst pure silica with a 
little added lime, there are various other kimls of bricks which 
consist partly of sand or eru.shed rock and partly of clay or other 
material. The chief of these bricks are giviai below. 

Semi-Mica bricks consist ef sand, ganister, or eru.shed silica 
rock and fireclay in various proportions. Such bricks are le.ss 
refractory than silicia bricks, but they are constant in volume 
when h(‘ated. as the contraction of the clay and the e.'cpansion of 
the silica neutrali.so each other, and this )>ropcrty makes them very 
usc'ful for the arches and crowns of coke ovens and flues. They 
are also used for the upper parts of cupolas, cnicible furnaces, 
and for the soles of coke ovens. They are satisfactory suKstitutes 
for fireclay bricks in many ca.ses wherc^ their special advantage of 
constant volume is r(aiuired. 

Sand-ban.tile bricks consist of a mixture of sand and bauxite 
together with a .suitabhi quantity of plastic cla,y as a binder. Such 
bricks have been found quite satisfactory for furnace linings, 
but on the whol(^ their use is undesirable, as when heated the sand 
expands, the clay contracts, and the bauxite (if properly calrined) 
remains unchangcxl, so that strains are sot up which tend to cause 
cracks in the bihhs and tinally lead to their destruction. 

Kie.sehjuhr bricks are made by mixing diatomaceous earth or 
kieselguhr (I. flli) with fireday; tlu^y have only about one-third the 
weight of ordinary bricks, and in some cases th(W are so light as 
to Wfugh less than an equal volume of water. 

Kieselguhr bri<'ks arc fairly refractory and are able to withstand 
high temperatures, but they cannot be used for furnace linings 
as they do not resist abrasion and corrosion, but mu.st be protected 
by a lining of soims other refractory material. Their siH!cial value 
is in their porosity, which renders them very effeedive as insulators. 
They are therefore largely used as an intermediary bctw’een the 
lining and the casing of furnaces, to prevent loss of heat by radiation. 

Silica bripks for furnace and kiln construction art! maile chiefly 
of crushed silica rock, containing about 98 per c(!nt of silica, but 
angular sands of the same (!omposition may also be ustd. The 
particles must be carefidly graded and then mixed with milk of 
lime or fireclay and water, so as to form a paste which is moulded 
into brieks ; the latter are then dried and afterwards burned at 
1400'’-1500° C. A prolonged heating at 1400° (1 or above is desirable 
so as to convert the greatest possible proportion of quartz into 
tridymite and cristobalite (I. 226). 

Sources of Sand for Silica Fire-bricks. —Only a few sands and 
siliea rocks are suitable for the, manufacture of silica bricks, as 
the rest are not sufficiently pure? The following *may be used if 
carefully selecte^l; they are mentioned in order of suitability : 

VOL, H I> 
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Chalcedony, Tertiary erratic quartzite boulders (findlings-quartz¬ 
ite), ganister, mastive roc^ks consisting of alraosti pure quartz 
or' quartzite, quartzites from vein quartz, flint, chert, schistose- 
quartz, sandstone, sand. The use of sandstone and sand is generally 
undesirable, as these materials are seldom sufficiently p«To and the 
products are usually of inferior quality. Only the first four rocks 
and certain quartzites, with the sands derived from them either 
naturally or by crushing, are really suitable for the manufacture 
of refractory silica bricks ; where possible, these only should bo 
employed, the others being regarded as jwssible substitutes when 
better materials are not available. 

Semi-silica bricks are made of natural or artificial mixtures of 
sand or cruslusl rock and clay ; the former include some ganisters 
(I. 104), the kaolin-bearing sands of Devon and Cornwall which 
are left after removing the kaolin from decomposid granite (I. 91). 
Certain glataal sands (I. 115) and the pocket .sands which occur 
in hollows in the Carboniferous Limestone of Derbyshire are used 
to make silica fire-bricks ; tho.se made of the last named arc 
extensively used for coke ovens. 

Many sands and other siliceous materials are not suitable, 
partly on account of their chemical composition and partly because 
they do not possess the nspiisite [ihysical properties. This is 
dealt with later under the captions: Chemical Composition, 
Specific Gravity, Refractoriness, and ShajH! and Size of the Grains. 

Where an almost pure silica rook has been broken down by thd 
weather and forms a sand, it may be preferable to the original 
rock, as some slight purification may have been effected. On the 
other hand, it is often much easier to obtain grains of th(' requisite 
sizes when a rock is crushed or ground and then screened, than it 
is to use a natural sand from the same rock, many of the grains 
of which may not be suitable for the use of the brick manufacturer. 
Apart from this, the crushed rock and natural sand arc alike 
suitable. 

The geographical distribution of siliceous materials suitable 
for the manufacture of silica fire-bricks has been fully described 
in Vol. I. Chapter III. (see Silica Rocks), from which it will bo found 
that the best materials in this eountry are (o) ganister (I. 104), 
which consists of particles ustially from 0 004 in. to 0-012 in. 
diameter, and (6) the pure silica rocks consisting of grains of about 
the same size, inehiding the silica rocks of Durham, Yorksliire, 
Derbyshire, and the Midlands, and some of the quartzites of North 
and South Wales. The Lickey Quartzites ami the Crowstones of 
Cheshire, as well as some of the Cumberland silica rocks, are some¬ 
what coarser and may consist of particles up to 0-032 in. diameter, 
whilst rocks which are only suitable for inferior bricks may contain 
particles over 0-04 in. ; these are not really suitable and should 
be avoided wherever possible. ^ 

Rocks which consist of large interlocking crystals of quartz 
are generally unsuitable, but where the crystals a»e small and are 
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enclosed in a glassy ground-.mass, the rociks are usually quite 
suitable; tlsose which consist of the linest individual grains 
cemented to form larger ones may bo einplo.ycd for very stringent 
conditions, sudh as occur in electric and soiin^ metallurgical birnaccs, 
whilst the«coarser-grained niabfrials may he used for glass furnaces, 
coke ovens, regenerators, annealing furnaces, etc. 

The chemical composition of the sands and crushed rocks used 
is of considerable importance. A fairly pure silica is dt^sirable, 
but it need not be porfcctly’juire, the Ix'st silica fire-bricks iwing 
made from materials containing !)6-98 per cent of silica and about 
2-4 per cent of other oxides as impurities. Somo ganisbn-s which 
contain less than 90 per cent of silica make! excellent bricks, so that 
the actual proportion of silica is not of the greatest impoitance, 
provided the proportion of fluxes is sufiicicntl.v low. Some of the 
sandstones used for making refractor.y silica bricks contain as low 
as 80 per cent of silica and more than 5 |)(!r cent of fluxes, etc., 
but these materials form an inferior product. The proportion of 
silica varies so greatly that no very definite limits can msefully 
be laid down with regard to it, though for the most ndractory 
bricks as high a percentagti of silica as |)o.s.siblo is desirable. The 
importance of the ])roj)ortion of otln^r oxides pre.scnt (lei)ends 
U|)on their composition ; litiu!, magiuwia, soda, and potash are all 
objectionable, as they reduce the refractoriness of tins bricks, though 
they may increase their strength and resistance to abrasion and 
corrosion. Tins total amount of lime, magnesia, potash, and soda 
in the sand or cnished rock should not u.sually exeeecl 2 per cent, 
though for some purposes the ])r(?sencc of 4 per amt has not Isicn 
found objectionable. 

Fluxes (I. 184) are present in all natural siliceous materials, 
but the proportion .should l)c as low as po.s.sil)Ie, otherwise tho 
refractoriness of the mabirial would be unduly reduced. 

The presence of a limitisl amount of iron oxide, in tho raw 
material is an mlvantage, as it is an excellent bond, and iron 
compounds are sometimes added to siliceous matcuials in order 
to bind the particles together. Silica rocks containing up to 
8 per cent of iron oxide have been us(!(l epute satisfactorily. F. H. 
Brooke and’T. Tw.ynam in 1918 suggested tlu? addition of J to 3 ptn- 
cent of lino flue dust (containing a large proportion of magnetic 
iron oxide) as a binder for silica hiicks. Tlu; total projwrtion 
of iron compounds expressed as ferric oxide should not, in most 
cases, exceed 2 per cent, and a much smalh^ percentage is desirable 
if the bricks are. to be used under reducing conditions. 

Organic malte.r and dirt should not be present. If any appreciable 
proportion occurs, the sand must bo washed before u.se. 

The proportion of alumina present in sands and (pushed rocks 
suitable for making silica lire-brick.s varies considerably. If in tho 
form of felspar and mica, it is pbjectionable, a.% these materials 
are not refractory and act as fluxes (I. 184), but if prt'sent as clay 
a moderate percentage of alumina may bo advantageous. 
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Clay ia present to a variable extent in materials suitable for 
the inaniifaoture ot silica fire-bricks; some quartaites contain 
practically nom;, whilst others and ganisters may contain 10 per 
cent or even more. The presence of clay is fin advantage in some 
reapeets, as it assists in binding together the particles of non-plastic 
material and reduces the amount of lime necessary to produce an 
effective bond, some ganisters Ixang self-binding as a result of the 
clay they contiiin. Another advantag(( jfossessed by clay is that, 
on account of its contraction, it neutrali.sf's to some extent the 
expansion of the silica and so produces bricks which are much 
more constant in volume and much less sensitive to sudden changes 
of temperature tluin those made of .silic^a and contfiining no clay. 
This is one reason why ganister and semi-silica bricks are often 
preferrisl to silicii bricks, the expansion of which is sometimes 
troublesome. On the other hand, clay has tlu^ disadvantiigf! of 
reducing th(f ridraetoriiK^ss of tlu^ silica (1. I S3), it s presence to 
an extent represented by per cent of idumina lowering the 
refractoriness of silica by 2 cones or 40° 0., whilst clay eqtii valent 
to It) per cent of aluTiiina rcducds the refractoriness from cone 35 
to cone 27, i.f.. from 1770° to 1010° ('. This is not, howeviT, so 
serious a practical drawback as it might seem iit first sight, as 
the mixture of silica and clay, wliich ha.s the lowest refractori¬ 
ness, is nevertheless the one which corresponds to the average 
composition of ganister. Ganister is one of the most viduable 
maliwials for the manufacture of silica fire-bricks. 

1'hus it will Ix' seen that whilst clay may be deleterious as 
regards ridractoriness, it has its value, and under certain conditions 
its ])resonce is actually desirable. A ndatively large percentage 
of clay is allowable when; the bricks are not required to withstand 
the highest temperatures; for instaneis in boiler-settings, hardening 
and annealing furnaces, retort settings, puddling furnaces, etc. 

No matter whether the clay occurs in the siliceous material 
itself or is added to it, it is important that it should bo sufficiently 
refractory. (>S(^ealsop. 131), Chy in Sands for Uearlhs.) A fusible 
clay would unduly rediua; the refractorine.ss of any siliceous material 
to whiidi it is added. Hence tlu; clay should be sufficiently free 
from flux(« not to increase the proixirtion of these eonstituents 
in the mixture and should not contain more than about 5 per cent 
of fluxing oxides. 

The impurities in the sand or crushed rock have been described 
above. They should be finely divided and disseminated uniformly 
through the mass. Where large particles of impurity occur, trouble 
may arise which would bo less serious if the material were in small 
pieces. 

The chemical composition of the material to be used for silica 
bricks should not brs considered exclusively, as a very pure silica 
may bo quite unsuitable for use, lyliilst a less pure one may produce 
very satisfactory bricks. 

Refractoriness.—The sand or crushed rock should have a 
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refractoriness not less than that of cone 33 (1730*° C.), though this 
must not be, taken as a lixed," rule, as bricks .which have a nuah 
lower refractoriness may be used with complete satisfaction where 
the requirements a.ro not so stringfuit. The I'cfractoriiuvss cbi(‘fiy 
depends qp the proportion of clay and fluxds present ; tliis has been 
fully dismissed under Chemiral Composilion (p, 147). 'I’ho refractori¬ 
ness must not b(' taken alone, as somi^ sands and silica ro(4is which 
have a high rcfraetoi’iness arc unsuitable for making silica fire¬ 
bricks, whilst others with a lowis' refraidorine.ss are, on account 
of some other properties, particularly valuable. 

Specifle Gravity.—In making silica bricks, the speeilic gravity 
of the sand or crushed rock is very important. As previously 
explained (I. 220), quartz is convci ted on heating into other forms 
of silica with a low speeilic gravity and there is conseipiontly an 
increase in the volume of the matm'ial which may bi^ .serious when 
the bricks are in usi', so that it is desirable that sand or crushed 
rock sliould be used whiih, on lieating, will rapidly attain a maxi¬ 
mum cxpan.sion and after that remain fairly constant in volume. 
For this reason, some amorphous forms of silica, such as flint, 
chalcedony, etc., and otliers which contain a noteworthy jiroportion 
of colloidal silica, arc^ specially u.seful, wlulst crystalline quartz is 
less easily and far more slowly converted. The lindlings-quartzitcs 
or erratic boulder silica io<hs are preferable to other forms of 
quartz because the silica in them is more readily convertible into 
tridymilc or cristobalitc. As these rocks arc not readily available, 
other quartzite rocks and sands form the chief source of silica for 
silica bricks. 

A good test of the probable siiitability of a silica rock or sand 
consists in heating it to a teniperatun^ of 14r>0° C., and mauitainiug 
it at that tompeMture for four iioui s ; the material which, when cool, 
has not disintegrated and also has tlu! lowest sjiecific gravity will 
be the most satisfactory, as tlu! greatest conversion to tridymite 
or cristobalite has taken plac(^ in it. 

The shape of the particles of silica is very inqxwtant and may 
make all the difference between good and u.seless bricks. The 
grains should be sharp and angular, so that thi^y will interlock 
with each .other ami produce a sti’ong mass. It is most important 
that the grains should not be rounded or they will not bond together 
properly when the bindmg material is added. GanisU’r is very 
valuable on account of the angidar and splintery partiekis it produces 
when crushed ; these interlock very elos(dy and .so form first-class 
bricks. 

One difficulty in the u.se of natural sand as a material for making 
silica bricks is the comparative rareness of sands of the desired 
purity having angular particles which interlock readily. For this 
reason common sand can seldom be used, but the sands obtained 
as waste material from china clay j)its and the pocket sands of 
Derbyshire and elsewhere, wh&h are highly iftigular, are quite 
satisfactory. 
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Calcined flint, chert, etc., when quenched in water to render 

crushing easier, do pot as a rule form angular parti(jles, with the 
result that the grains do not bind projjerly. 

Almost the only materials wliich give grains of suitable size 
and shape are crushed (lilica rocks. These break with it splintery 
fracture and form highly angidar particles which interlock readily. 

The size ol the grains is very important, as two factors are 
introduced, namely (a) the size of the grains of silica in the sand or 
rock, and (b) the sizes of the pieces pnoduced by crushing the rock. 
These factors must be remembered, because the crushing docs 
not liberate every individual grain but produces pieces consisting 
of a number of gi'ains cemented together. The size of the pieces 
produced by crushing or grinding may vary from } in. diameter 
down to dust, and these vaiious sizes should be combined in such 
proportions as to produce bricks of any desired density. Thus, for 
a porous brick required to resist changes in temperature, a fairly 
large proportion of large or medium grains may bo present, but for 
a dense brick a largo proportion of smaller grains may be used. 
No grains larger than in. diaraebT should ever bo present, other¬ 
wise they will crack and fly on heating and so disintegrate the 
bricks. On the other hand, the grains must not be too small or 
the bricks will bo too dense and .so bo unduly sensitive to sudden 
changes in temperature. 

No matter whether a natural sand or a crushed rock is used, the 
parti(ies should be properly screened and graded so as to consist 
of grains of dilTerent sizes, the smaller particles filling the interstices 
between the larger om!s, and so forming a sufliciently dense and 
strong ma.ss (h’ig. 9) and riiducing the amount of binding material 
necessary. Where the grains are of uniform size they do not inter¬ 
lock so well, and a large amount of bond would be required to cause 
the ])articles to adhere, or smaller grains from another source must 
be added. As only about 2 per cent of lime is allowable for the bond 
in the best silica bricks, it is important that the grading should bo 
such as to give the maximum strength with this amount of bond. 

The size of the individual grains is of groat importance. If 
they are very large they will crack on heating, so it is necessary 
that they should be sufficiently small. Material composed of the 
finest individual grains will bo more constant in volume, will attain 
a maximum expansion more quiekty, and will be less likely to spall 
in use. For this reason, such materials should be used for resisting 
the most stringent conditions as to refractoriness and constancy in 
volume. Where sudden changes in temperature are to be with¬ 
stood, the grains should be of medium size (0-02-0-01 in. diameter), so 
as to produce more porous bricks. One reaison why sands can 
seldom be used for making silica fire-bricks is that the grading is 
unsuitable ; many of the grains are usually too coarse to give the 
best results (as they are too slowly converted into cristobalite and 
tridymite), whilst? the use of a safid which contains sufficient flfte 
grains would give too dense a brick. These objectiqns are avoided 
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by the use of a rock consisting of minute particles cemented together 
by a natural jDond, so that whcm it is crushed each of the particles 
of the required sizes consists of a number of minute grains cemented 
together. By this means, conversion of (piartz into cristobalite 
and tridyipite is readily effected, as the gr,iins of quartz, although 
actually small, are yet so combined to form larger grains that the 
advantages of a well-graded material are obtained. Such a con¬ 
stitution is, of course, impossible with .sand, so that bricks made of 
natural sand are usually less s;jtisfaetory than tho.se made of crushed 
rock. Where a suitably graded, pure sand composed of grains 
which do not disintegrate on heating can be obtained, it will usually 
produce good bricks. . . 

Erratic boulders (findlings-quartzites) which occur in Germany 
have this desirable structure ; the grains are very minute and are 
cementi'd by means of interstitial colloidal sili<'a. 

According to Le Chatelier, any quartz¬ 
ite may lie used, provided it is ground 
to a sufficiently fine state, but the cost of 
such treatment would often be excessive, 
and the bricks would usually be extnsuely 
sensitive to sudden changes in tem|)era- 
ture. Where no really suitable rock 
material is available, however, a less 
suitable one will often, if sufficiently 
finely ground, enable fairly satisfactory 
bricks to be made. 

The Preparation of sands for refrac¬ 
tory bricks is described on p. loS. 

The Testing of sands and crushed rocks 
for use in the manufacture of silica fire¬ 
bricks may usually be confined to the 
tests mentioned on p. 160, care being 
taken to use only those materials wbi(^h (conform in composition 
and physical properties to the limits mentioned on pp. 147-161. 
When a silica rock is crushed, the “ sand ” produced .should have 
the properties just mentioned; methods of testing rocks prior to 
crushing arp described on p. 160. 

Sanos foe other Refractorv Bricks 

Zirconla and Zircon sands have been used for making suitable 
refractory bricks, but up to the present time they have not been 
developed to a very great extent, chiefly liecause of their cost and 
the difficulty of obtaining a really suitable bond. Possibly in the 
future a satisfactory bond (other than colloidal zirconia or a better 
method of preparing this substance) will be found, after which the 
use of zirconia bricks appears likely to extend rapidly. Most of 
the failures hitherto experienced with zirconia bricks are due to 
the use of too c^de a material and a poor bond. 



Fig. 9.—Micni-structure 
of silica brick. 
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SANDS FOR CRUCIBLES 


ArtUIclal sands, chiefly carborundum and other carbides 
(I. 86) and conmdjiin (I. 03), arc sometimes usedi. where great 
refractoriness is r(!(juired. Corundum bricks are specially valuable 
for use at exceptionally high temperatures such as are attained in 
electric funiaccs, as they have practically no shrinkage, a very 
high refractoriness, and a great resistance to abrasion and corrosion. 

Thc.se .sands .should be reduced to particles of the same sizes 
as those used in the manufacture of silica bricks, .and are bonded 
with clay or, occasionally, with an orgiinic bond such as glue, heavy 
mineral oil, tar, resin, or glycerine. 


Sands h'on Refractoey Hollow-ware 

The term “ refractory hollow-w.arc ” includes crucibles, muffles, 
some vessels used in cooking and kiiomi as “ fireproof ware,” saggers, 
in which the pottery is fired, retorts, idc. Each of these articles 
is esswitially a <untainer in which some materi.al or mixture of 
various materials is heated, the temperature varying from about 
150“ C. in the case of domestic ware to 1600“ t!. in the cas(! of some 
crucibles. The manufacture of these art Ides is de.scribcd in detail 
in the mthor'n liefractory Jiluterials: their Manufacture arul Uses} 
and in the pre.scnt chapter it is only necessary to refer to the use 
of sand in their production. 

Crucibles are used for heating small quantities of material, 
usually cither to melt it or to enable some de.sirablo chcmic.al 
reaction to take place, such as the reduction of a metal from con¬ 
centrated ore or the production of .an alloy. Crucibles are of all 
sizes, from that of a thimble to those whicih hold 200 lb. of 
material. 

The crucibles in the production of which .sand is employed are 
chiefly composed of a mixture of sand and fireclay which is made 
into a plastic paste with water and then shaped, dried, and burned 
in a kiln. Among the best-known crucibles made of such materials 
are Hessian crucibles, which have long biun used in the smelting 
of gold, silver, and other precious metals, and which .are composed 
of a mixture of fireclay and sand m the proportions of two parts of 
clay to four or live parts of sand, and Cornish crucible^, which arc 
used for laipper .as.saying and general experimental work ; these are 
usually com}X)sed of two parts of ball clay and two parts of sand 
from St. Agnes’ Beacon or its equivalent, together with a little china 
clay in some cases. Other cnicibles sold under a registered name 
or one which is supposed to indicate their place of origin are also 
made of fireclay and sand, the proportions differing according to 
the purpose for which the crucibles are to be used. Other uses of 
sand in crucibles include that of the waste sand from glass-works, 
the use, patented by I. Schlossbcrg in 1013, of 93 per cent of crushed 
quartzite with 2,per cent of colloidal silica and per cent of lime 

* See footnote on p. 14.1. 
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for refractory acid-proof crucibles, and the use of*about 5 per ecnt’ 
of sand in graphite* or plumbago crucibles, epiployed for making 
mild steel, copper alloys, etc. , 

Crucibles have also been lined with sand and a suitable binding 
material'.. J. B. Sididxdtom in 1!)I5 patented the u.se of sand 
with C per cent of ganister, whilst New and 'riiomas in ISTtl patented 
a mixture of Hint and fireclay. 

The sand chiefly u.sed in the manufacture, of crucibles consists 
of almost pure quartz in grains not more tlian 0'02 in. diameter. 
The size and shape of the grains are not u.sually of great imjiortancc, 
though *■ dust ” and very coarse particles sliould usually !«■. rmnovcd 
by s(Tccning. Wlune crucibles arc' rc'cpiircd to withstand higli 
temperatures and the corrosive action of their contents, tlie sand 
should not contain more than 3 per cent of metallic oxides. A 
sand eomposed of sub-angular grains is usually to be fcrcfcrred. 
Any of the sands mentioned on p. 141) may be used for (rucabh's, 
provided tlmy c'onform to the requirc-ments just mentioned and 
the individual particles do not crack or disintegrate when heatcal 
ra[)idly to about 1400“ C. ; this last proviso is inq)ortfint. 

In addition to siliceous sands, certain uon-siliceous .sands are 
used in the manufacture of crucibles. The chief of these are : 

Zircon sands, which are si)ecially valuable for very high tempera¬ 
ture work on account of their great refractoriness, very low and 
almost negligible coeflicient of expansion, low thermal conductivity, 
and great resistance to abrasion anil I'orrosion (sis' p. 151). 

(iorundum, which consists of bauxite which has been fusisl in 
an electric furnace, cooled, allowed to crystalli.se, and afterwards 
purified by chemical treatment (1. 114). This material when cnished 
forms an artificial sand the ])articles of which are bonded together 
with clay, cement, plaster of I’aris, or a temporary bond such as 
dextrin, tar, or paraffin to form crucibles and other refractory 
articles. 

Hilicon carbide (carbnruruhirn) and carboxides, which are com])o.sed 
of silicon and carbon (together with oxygen in the ease of carboxides) 
obtained by fusing in an electric furnace (I. SO). The products 
are crushed and form an artificial s.and winch is bonded with water- 
glass, clay, glue, tar, or other binding material and shaped into 
crucibles, muffles, saggers, retorts, glass jiots, etc. They are valuable 
on account of their refractorine.ss, high thermal conductivity, and 
high electrical conductivity. 

Various other crushed rocks which do not consist of silica, but 
are used in the manufacture of crucibles, are magnesia, dolomite, 
lime, basic slag, bauxite, graphite, coke, chromite, and iron ore. 
These, however, hardly come within the compass of this volume, 
though in one sen.se they might be classed as sands (see Vol. I. p. 1). 
All these materials should consist of sub-angular grains, the sizes 
of which must bo selected according to the purposes for which the 
crucibles are to' be used. For* most purposes rihey .should pass 
completely through an aiierture j, in. diameter, but not through 
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a SO-mesh sieve. Whesre great resistance to corrosion is required, 
much smaller particles may sometimes be Ui,ed wi^x advantage, 
thqugh “ dust ” should generally be avoided. The coarser the 
“ sand ” within the limits mentioned, the greater will be the resist¬ 
ance of the mdividual 'particles to corrosion, but as thp, corrosive 
material |)cnetrates more easily a mass composed of coarse particles, 
it is often better to use a “ sand ” composed of smaller particles. 

Fused sand is used for the manufacture of crucibles and other 
refractory hollow-ware, particularly fotjuse in the chemical industries 
and in chemical laboratories, and as an electrical insulator for 
pyrometer tubes, etc., at high temperatures. As fused silica has 
many of the properties of glass, it is referred to more fully in 
Chapter Xn. 

Muffles are chamlxii-s or containers in which various articles 
are heated to redntiss out of contact with Hamo. The hi^at is usually 
applied externally, the muffle being placed inside a furnace. They 
are made of the same materials as crucibles, which in many res[K!cts 
they greatly resemble, although thcjy are different in shape. (See 
Crucibles.) 

Fireproof ware is used in domestic cookery beeau.so it can be 
placed directly on a fire withorit being damaged. It Ls made of 
a mixture of fireclay or other refractory clay and fine white sand 
which need not bo highly refractory. Apart from this, such sand 
should have the sanus jiroperties as that used for crucibles. 

Saggers are rough boxes or cases in which pottery is jxlacod in 
order that it may bo fired in a kiln or oven. They arc best made 
of a refractory clay or grog, but a little sand is sometimes used, 
though by no means a desirable addition. The most suitable 
sand for the purpose is a highly refractory and comparatively 
coarse one which should contain no particles which will pa,ss through 
a 30-niesh sieve. It should not contain more than about 5 per 
cent of metallic oxidew. 

Retorts for the manufacture of coal-gas and for zinc are chiefly 
made of fireclay and grog, but some makers include a little sand 
in the mixture. For this purpose the sand should be similar to 
that suitable for saggers. Carborundum, corundum, zirconia, and 
other non-siliceous sands u.sed for crucibles (p. 153) arp also used 
for retorts. 


Sand for Refbactorv Cements, Mortars, and Paints 

Refractory cements and mortars are employed for binding 
together the bricks, etc., u.sed in the construction of furnaces, for 
repairing corroded crucibles, jiatching, plastering the surface of 
brickwork, and in the form of a paint for washing over refractory 
brickwork, etc., to render it more refractory or to give a special 
resistance to somo'particular influeftcc, such as corrosion or abrasion. 

Refractory cements, mortars, paints, etc., may ^ divided into 
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for refractory acid-proof crucibles, and the use of*about 5 per ecnt’ 
of sand in graphite* or plumbago crucibles, epiployed for making 
mild steel, copper alloys, etc. , 

Crucibles have also been lined with sand and a suitable binding 
material'.. J. B. Sididxdtom in 1!)I5 patented the u.se of sand 
with C per cent of ganister, whilst New and 'riiomas in ISTtl patented 
a mixture of Hint and fireclay. 

The sand chiefly u.sed in the manufacture, of crucibles consists 
of almost pure quartz in grains not more tlian 0'02 in. diameter. 
The size and shape of the grains are not u.sually of great imjiortancc, 
though *■ dust ” and very coarse particles sliould usually !«■. rmnovcd 
by s(Tccning. Wlune crucibles arc' rc'cpiircd to withstand higli 
temperatures and the corrosive action of their contents, tlie sand 
should not contain more than 3 per cent of metallic oxides. A 
sand eomposed of sub-angular grains is usually to be fcrcfcrred. 
Any of the sands mentioned on p. 141) may be used for (rucabh's, 
provided tlmy c'onform to the requirc-ments just mentioned and 
the individual particles do not crack or disintegrate when heatcal 
ra[)idly to about 1400“ C. ; this last proviso is inq)ortfint. 

In addition to siliceous sands, certain uon-siliceous .sands are 
used in the manufacture of crucibles. The chief of these are : 

Zircon sands, which are si)ecially valuable for very high tempera¬ 
ture work on account of their great refractoriness, very low and 
almost negligible coeflicient of expansion, low thermal conductivity, 
and great resistance to abrasion anil I'orrosion (sis' p. 151). 

(iorundum, which consists of bauxite which has been fusisl in 
an electric furnace, cooled, allowed to crystalli.se, and afterwards 
purified by chemical treatment (1. 114). This material when cnished 
forms an artificial sand the ])articles of which are bonded together 
with clay, cement, plaster of I’aris, or a temporary bond such as 
dextrin, tar, or paraffin to form crucibles and other refractory 
articles. 

Hilicon carbide (carbnruruhirn) and carboxides, which are com])o.sed 
of silicon and carbon (together with oxygen in the ease of carboxides) 
obtained by fusing in an electric furnace (I. SO). The products 
are crushed and form an artificial s.and winch is bonded with water- 
glass, clay, glue, tar, or other binding material and shaped into 
crucibles, muffles, saggers, retorts, glass jiots, etc. They are valuable 
on account of their refractorine.ss, high thermal conductivity, and 
high electrical conductivity. 

Various other crushed rocks which do not consist of silica, but 
are used in the manufacture of crucibles, are magnesia, dolomite, 
lime, basic slag, bauxite, graphite, coke, chromite, and iron ore. 
These, however, hardly come within the compass of this volume, 
though in one sen.se they might be classed as sands (see Vol. I. p. 1). 
All these materials should consist of sub-angular grains, the sizes 
of which must bo selected according to the purposes for which the 
crucibles are to' be used. For* most purposes rihey .should pass 
completely through an aiierture j, in. diameter, but not through 
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Other mixtures too numerous to specify in detail contain 
60 per cent or m(jrc of sand, oruShed silica'rock qr silica bricks, 
the remaining constituents being clay with a very variable pro¬ 
portion of other ingredhmts, most of which arc of very doubtful 
value. Some of the latter im^rely act as dilucnis, whilst others, 
such as hair or librous material, ans useful until the cement is 
heated, after which tluiy ustially burn away and leave objectionable 
pores in the material. Tlu^ addition of long-fibre asbestos is some¬ 
times usefid as a binder, as it is got destroyed at temperatures 
below i;i00° C. 

Vuramwlios is an artificial mixture consisting of powdered 
ipiartz with 10 |xfr cent of lirixday an<l a little water-glass. Various 
^^ements which are similar in comj)osition ans sold under fancy 
lames. 

The qaninter cornposilion.^ or compos which are so largely used 
n conms'tion with fuinaee linings are mixtures of crushed ganister 
)!■ other silica rock with fireclay. When dry, they usually eontam 
ibout 10 per cent of coarse silica irai ticles more than in. diameter, 
ibotit 60 per cent of silica particles between J in. and 0 004 in., 
ind 30 per cent of still smalk^r pai tieles, about half of these being 
fiay. (fompos supplied by different firms vary greatly mving to 
he absMie(^ of careful screening and grilling of the crushed roiik. 

4. Mixtures of sand or crushed rocks with a special bond, 
dost of the.so are not of great importance, but one useful cement 
amsists of a mixture of lim^ sand with 10 per cent of magnesium 
hloride syru]) and is used in the form of a [)utty. 'This is excellent, 
wovidod the temperatme to which it is exposed when in use is 
lot greatly above 1300“ (). 

Silica cements of the tyjK's mentioned should contain 83-95 per 
ent of silica, 90 )icr cent being a rough average. The proportion 
f clay may vary from 1 to 12 ])er cent, whilst other materials may 
le present in proportions from 2 to 16 per cent. Such silica 
ements should havi; a refractorine.ss at least equal to that of 
cone 26 and preferably to that of cone 32. 

The shrinkage which silica cements undergo in use is important, 
as the cement will crack if the shrinkage is excessive. 'The shrinkage 
on drying will depend chielly on th(> day j)re.scnt; jccording to 
R. J. Montgomery it should not Ik; moi-e than 2 per cent and should 
bo preferably about 1| per cent. Silica cements usually have a 
porosity of 30-35 per cent when dry ; this is reduced in use to 
15-30 irer cent, according to the eomposition of the cement and the 
temperature to which it is heated. 

'i’ho grains of sand or ei'ushcd silica rock should be sub-angular 
and mixierately coarse unless a smooth finish is required, when 
liner grains will have to Ire used. For most purposes, the grains 
should be within the limits of size recommended for ganister (see 
above). 

Other refractory cements coRtaining silica ih some form, but 
in which silica is not the essential constituent, are^ very numerous. 
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Most of them resemble the oeinents jtist mentioned, but eontiiin 
a much smaller percentage of silica. For instiinee, sand is some 
times mixed with fireclay in proj)ortion.s u|) to 50 per cent of sand 
so as to jiroduce ndractory cements, which are very constant in 
volume. Others contain much hsss sili(si, 5k(! ,a much-used daub 
for cupolas and for mending the lining of other furnaces, which 
consists of a mixture of 20-25 ]X'r cent of silica sand and 80-75 per 
cent of fireclay. 

Small (piautities of sand arr. also used in vaiious other l■efraclory 
cements, but the sand is then only of slight. im|)ortance, and is 
chiefly ua(sl as a cluaip filler. 

Powdered zirconia (|). 151) and zircon .iand.i (1. IttS) are uscsl 
as cement merely by mixing either of these materials with a siiitable 
amount of water. They are devoid of plasticity and (ulhesion, 
and when these properties are reipiireil, a sintable bond must be 
added (see j). 151). Zirconium compounds are ehietly of value 
on ac<a)unt of their high refraetoiiness. 'I’liey are by no means 
easy to use, as ci'iiiimts and almost all bonds which will withstand 
high tem|)eraturos seriously reduce the refj actoi iness of the /.ii eonium 
compounds. The u.se of colloidal zirconium hydroxuh' is free from 
this objciction, hut its preparation is difficadt, and when prepared 
it is so sensitive to impurities in the zirconia <ir zircon particles 
it is recpiii’ed to unite, that it is by no means satisfactory. There 
is ample scope foi- much itivcstigation on tlu^ production of a really 
gorsl zirconia cement. 

Artificial samls arc used to a considcrabh^ extent in refrar^tory 
cements in conjunction with other materials. The j)rincipal of 
these are carbides and corundum. 

Carlwrundum mnd is used in icfractory cements in combination 
with fireclay or uater-glass or both. A mixture of (^arboinndum 
fire-sand and fireclay has b(>cn (>xtensivcl\' used both as a '' mortar ” 
and also as a facing or lining inatcrial. The precise ])roportions 
mu.st necessarily depend on the size of the carborundum particles 
and on the binding power of the clay. 

The following mixtures were patented in 1!KM by L. E. Muller ; 
Carborundum Ofi-OO ])arts, fireclay 10-40 parts, water-glass 20-50 
parts, and lime 0-4 ))arts. Eor patching fire-brick linings, es])ccially 
in brass and steel furnac(cs, in n^cerberator}' furnaces for cop])er 
smelting, and in convertei's, a mixture of eipial j)arts of carborundum, 
fire-.sand, and fireclay or china clay is particularly useful. 

The following mixtures have been used for repairing n^torts ; 

Carborundum aamf . . .361 parts. 

Fireclay.Ill part. 

.In some cases silica sand and powdered glass is also added, 
as in the following eemtmt which is eommotdy used in America 
for repairing pots for'nudting glass : Carborundum 1 part, fire¬ 
clay 2 parts, white .sand 1 part, aftd powdered glaifs 1 part. 

Other clays,, such as ball clay, may sometimes bo substituted 
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for the fireclay, whilst if sufficient water-glass of good quality is 
fised, the clay may Ix' omitted where the teihperature is not very 
great and the carborundum partially replaced by common white 
sand, as in A, which is used for general patches and repairs, and 
B, which has been used for lining iron vessels which arerconstantly 
kept hot. 



A. 


Carbonaulum . 

2 

2 parts. 

Sand . . . 

! 1 

• • »» 

Wator-gloss 

. 2 

2 


Carborundum sand in combination with some suitable binding 
agent is also used as a, furnace jmint. At the Royal Mint a mixture 
of carborundum sand and water-glass alone is us(!d. Another 
mixture consists of 05 jiarts of carborundum, 20 ])arts of fireclay, 
l.'l parts of waha- glass of specific gravity 1-26, and sufficient water 
to form a [caste. This mixture has been found very satisfactory 
in boiler furnaces, [cotlery kilns, annealing and othc’r metal furnaces, 
oil-fired furnaces, and for [irotcccting the' melting zeme in cupolas. 

Hihxiam (I. 90) has been used as a refractory cement in 
combination with watccr-glass or tar. 

Fused alumina (1. 94) in the form of a “ sand " mixed with 
a small proportion of firc-c'lay has been used as a cement for articles 
such as muffles, core's, etc., made of alunclum or corundum. It 
is spcxially useful where a cement having a high thermal con¬ 
ductivity is required. 

The nature of the sand cjr crushed rock used for refractory 
cements is, in gcmeral, the same as that for ordinary cements (see 
Chapter Ill.), but as refractory cements are usc;d at high tempera- 
turcis the sand must be sufficiently refractory and, therefore, contain 
a minimum jjroportion of fluxes. Hence it is desirabli; to use a 
sand suitable for furnace linings (p. I.■{2) or crucibles (p. 152). The 
materials used in refractory C(mients for binding bricks, patching, 
etc., are getierally ground so as to pass completely through a 40-mcsh 
sieve, as coarse cements do not give such satisfactory results. 
Where thick layers of cement for lining furnaces are used, as in the 
case of ganister eom])os, coarser partidcs an; employed (see p. 142). 
Zireonia cenunts are preferably ground to ])ass a 60-iliesh, and a 
small proportion should be in the colloidal state. Podszus and some 
other investigators grind the zirconia so that it will all pa.ss through 
a 200-mesh sieve. 

Precaeation Ob’ Sani).s I’OR Reeractorv Purposes 

Little purification of the sand is usually necessary. If it contains 
any undue proportion of im|)urities, dirt, roots, etc., some of these 
may to removed by washing (I. 384), but where possible, it is 
desirable to use a sand which requires no treatmept. 

Cntshinej .—When the sand is prepared from rocks or other 
massive material, it is necessary to crush and grin^. them so as to 
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reduce the particles to the desired sizes. This is effected first by 
preliminary ovushers*(I. 346) arid Anally by Aye grinders (T. 363), 
the plant selected depending on the output desired and the required • 
Aneness of th(! product. 

Screening may be necessary in some cailes to remove any very 
coarse or exccssh'ely Ane material. A large proportion of fine 
material is undesirable in the sand used for furnace hearths, 
crucibles, inulAes, retorts, and other refractory hollow-ware, but 



it is less .serious in furnaccf cements, some of which are more 
convenient if tine. V'ery coarse material is undesirable for any 
purpose mentioned in this ehairter, with the possible exeeption 
of large retorts, so that it must be scroemal out before the sand is 
used. The methods of screening are deseribed in Vol. I. Chapter X. 
The Vicona screen (Fig. 10), which is descrilH'd in Vol. 1. p. 463, is 
compact and very suitable for this puri)ose. 

Drying is untjecessary in the case of siliceous materials to be 
used for making refractory articles and for relVactory cements, 
but it is most, important that sands or crushed rocks used for 
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lining the hcart\)s of metallurgical furnaces should bo properly 
dried before >ise, for, the reasons given on p. 141. Tl(p drying may 
‘ be. effected in any convenient manner; various mcthock are 
descrilxxl in Vol. I. p. 401. 

Mixing .—As sand i.'} only one of the constituents of the various 
materials mentioned in this chapter, its thorough mixing with the 
other ingredients is a matter of great importance. In the case of 
materials for the manufacture of crucibles, muffles, saggers, retorts, 
etc., the mixing is a part of the gemyal routine of manufacture of 
those articles, and is described fully in the author’s Refractory 
Materials: their Manufacture, and Uses. 

The materials for ndractory cements are best mixed in the dry 
state in a blending mill or in a double-shafted trough mixer, and 
afterwards with water in a revolving pan mill (1.381). The customary 
method of mixing is very crude, and consists in iffacing a deflnito 
number of “ shovelfuls ” of tlus solid in the pan mill, adding as 
much water as it is ,su|)pos(!d will mak(^ a suitable paste and allowing 
the mill to run foi' about 20 mins. This method of ))roporlioning 
the materials is much too inaccurate ; the solid materials should 
bo weighed separately, mixed in thi^ dry state, as just mentioned; 
a delinite weight of tin? luixtun^ should tlum be placed in the pan, 
a definite quantity of water added fiom a measuring tank (an 
ordinary domestu! cistern of the " pull and kd go ” tyiie is excellent), 
and the pan run for 20 mins, as Iwforc. By liaydng great('r attention 
to the accuracy of the quantities and by first mixing in the dry 
state a greatly superioi’ product is obtained. 


TbSTINO SANI).S I'OK ReI'RACTOBV PlJEl>O.SKS 

The j>rincipal tests to be a])pliod to sands \iscd for refractory 
purposes arc; the following ; 

1. Chemical composition (I. 237). 

2. Mineralogical composition (I. 2.')0). 

3. Cleanness (I. 244). 

4. Micro,scopical examination to dehuinine the shaiw and size 

of the grains (1. 241). ,, 

f>. A grading or sizing test to determine the proportions of 
particles of various .sizes and to indicate whether the material is 
suitably graded (1. 246). 

6. Refractoiinoss (I. 260). 

In the cas(5 of rocks which are to be crushed to form sands, the 
following additional tests are useful; 

7. The rock must be of siudi a texture that it can be crushed 
fairly readily to particles of the required size. For this reason, 
materials such as chert are undesirable, as the cost of grinding them 
is very great. Th(! difficulty can be avoided to some extent by 
heating such material to redness* and quenching' it in cold water 
so as to cause great strains and cracks in the matc,rial and render 
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crushing easier. Unfortunately, materials so treated are not 
suitable for ujje undeJ the most stringent conditions. 

8. When the rock is heated to a temperature of 1600°-1700" C. 
for four or five hours, it should not fuse or disintegrate into small 
pieces. If^a few cracks occur or the materia’l breaks into very large 
pieces, those may be disregarded, but if it disintt^grates seriously, it 
is generally unsuitable and its use undesirable, unless it can bo 
employed in the form of fine powder. Most rocks composed of 
large crystals of quartz will* disintegrates under this treatment, 
whilst those composed of small fragments of quartz united by a 
siliceous cement will remain intact, and are preferable for refrac¬ 
tory purposes. 

0. On examining the rock by means of polarised light under a 
microscop(i, if the light is extinguished in waves it is undesirable 
to u.so the rock, as it has been subjected to great strains duo to 
pressure’, would crack when in use, and lx? very sensitiva^ to sinhhm 
chang(‘a in temperature. 


VOX,. II 


M 



CHAPTER VllI 

THE USES OF SAND IN AGRICULTURE 

Tiik u.s(' of sand in agriculture involves considerations different 
from those in otlier industries dealt with in this volume. In 
metallurgy, the manufacture of refractory materials, glass, abrasives, 
et<!., it is |)ossihle to a very large degree to choose the particular 
kind of sand which would he most satisfactory foi' th<? ])articular 
purpo.se under consideration, but in agriculture, on the contrary, 
the sand is largely in th<^ soil, and its nature and amount in any 
partictdar soil can only he controlled to a small extiuit. Jn some 
cases, j)nrti(ndarly in Prance, sand is added to a soil for agricultural 
and horticultural purposes, but this is only done to a e<imparatively 
small extent, as the cost of treating largo areas of land in this way 
is prohibitive. The present chapter will deal (diiefly, therefon!, 
with the purpo.se of sand in soils and the jjart it plays in agriculture, 
and to some exhmt with the improvement of soils by the addition 
of sand to them. 

As previously stated (I. ICO), soil consists of sand and clayey 
matter, togetluu- with organio matter and mineral salts. The 
organics matter and mineral salts su])])l_v the nutriment for the 
plants growing in the soil, the clayey matter holds moisture which 
is supplied to the plant roots as it is required, whilst the sand acts 
as an opening material and .se^rves thi! following purposes : (o) it 
rendei-s the soil easier to dig, plough, or otherwise brijak up; (6) 
it renders easier thee movement of growing roots in th^e soil; (c) it 
prevents the excessive accumulation of watei-, as a sandy soil holds 
water less easily than a wholly clay one, and thus renders drainage 
easier and improves the quality of the land; (d) it makes the soil 
porous and so enables a plentiful supply of air to be present; and 
(e) it acts as a support for the colloidal or gelatinous matter from 
which the plants primarily derive their nutriment. A good soil 
may, in fact, Iw regarded as a collection of particles of sand, each 
of which is surrounded by a film of colloidal matter saturated with 
water containing in solution various salts and other plant foods. 
If the colloidal film is excessively thick in'proportion to the size of 
the grains of sand, the soil will*bo heavy and rfeadily waterlogged ; 
if the film is too thin or irregularly distributed over the grains of 
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sand, the soil will be light and “ poor ” {i.c. deficient in nuti-iment 
for the plants;, HenT'c, the size’of tfu^ grains of*sand and the thick¬ 
ness of the film which covers them are two of the most impoHant 
factors in tlu: constitution of a soil. ^ 

The pr«portion ot sand in a soil is of great imjxii'tance, hut it is 
the relative volumes of sand, colloidal matter and air, lathtu' than 
their resjaietive weights, which determine the fertility of a soil. 
These volumes di^[)end in turn on tlui diameter and sha|)es of the 
grains of sand, for grains of numerous siz(« which foi iii a well-graded 
and compact mass will form a far less hutilo soil than grains which 
are more uniform in size, as these lattru' are well s(^j)aiated and so 
have relatively l.arge spaces Ixetwee-n them. Soils ane elas.sed as 
light or heavy according to th<! relative volume ot sand they contain ; 
a light soil is one (iontaining a relalivedy large volume of sand, 
whilst a heavy .soil is onti (sensisting ehiefiy of clay. Jjight soils 
are also teu'uied dr;/, ivarm, harlei/, atul Uirni/i soils, whilst heavy 
soils are .sometimes termed jeet, cold, wheat, oi' hean seals. 

1'he ease of weerking erf a seed is kirge'ly ele’[)enele'nt ein the^ pro- 
leentiem eef seenel [U'esent. Light seiils are eaisily jelougheal e>r otlie-r- 
wise) e'ut U]), whilst heavy soils which contain less than 20 per esait 
of sanel are eliflieult to work. Whilst eeise eif weuking is not 
important in itsedf, eis a heavy soil meredy needs a little meere' peewerful 
maclmiea y to cut it up, this epudity is eeften an inelieation eif the value 
e)f a soil, eis will bee slieeveii later. More-over, a soil which is elillicult 
eef penetration by ei plemgh oi- speulee is eene in whieh iiiiiny [ilants 
elo not grow reeaelily ein eiceount of thee re-sistiinee te) the'ir leeots iti 
a heeavy seeil. 

The shape of the particles eef seinel in ei seeil appears tee bee eef 
minor importiineee, auel no results have- be-e-n ])ublishe'el whieh speak 
in faveeur eef grains eif any peiitieeidar feirm. 

The size of the grains eif sanel is ee-ry important. A very ceiai-.sc 
sand is of little valuee in a soil, espe-eeieiJly if there is beirely sullieieent 
colloidal niatteei-, as large grains tenel to form large iiir-spaeees eir 
voiels anil so cannot retain suflieeient moisture in the soil, but allow 
the welter, supplicel to the land by I’ain, etc., to percolate away very 
rapidly, as shown imp. 171. It is therefore very ele-.sirable that the- 
sand shouldJbe sufficiently linc-graine-el. so eis to [ire.sent a maximum 
surface to the water anil so exeieise sufficient i-etentive power. 
The particles shoulel not be too fine, or the interstitial spaces will 
be exceedingly small, as in clay soils, anil the distribution of the 
water through them will be renilereil very slow and irregular. The 
grains should also be sufficiently coarse to permit the air to circulate 
freely in the upper layers of the soil (.see p. 170). 

The grains shoulel bo as nearly uniform in size as po.ssible, as 
this tends to ensure a maximum porosity, the size of the pores 
depending largely on the size and sha(ie of the grains, whilst the 
total jiore-speice ilencnds chiefly on^the grains Ixung^of uniform size. 
Sands composed of grains of various sizes form compact masses, 
as in concrete, .jvhich are quite undesirable in soils. The latter 
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should be porous and, therefore, composed of uniform grains, as it 
has been found thtt the maximum fertility Is obtaWed where the 
sand is fine-grained and uniform in texture. In determining the 
sizes of the particles of sand, care must be taken to Tnake a proper 
distinction between the inert or crystalline particles of sand and the 
active or colloidal particles of clay and organic mattru'. The latter, 
like all colloidal material, mu.st be composed of (extremely minute 
particles, and a sufficient amount of this material should be present 
to cover all the sand particles comipletely without unduly filling 
the pores between the grains. 

If the particles of soil consist of firu;, yet not “ dusty,” grains 
of sand, each covered with a film of clay or other colloidal matter, 
and with suitable! interstices or voids Ixdween the solid particles, 
they will produce a very valuable material, with a large surface 
area, ample water-retaining power, and suffici(!nt porosity to permit 
proper aeration and the free movement of the |)arti(!les when 
subj<!cted to the pressure of plant roots. 

'I'he majority of soils of this kind an! composed of sand deposited 
by water or wnd-bornc!, the former being by far the more important 
in this country. Good (!xamples of wind-borne soils are tin! black 
soils of the North American prairies, the Step])es of Russia, and 
the loess of ( ihina and elsewhere. 

In this country, the importance of suitabk! t(!xt.ure of a soil 
is cleaa-ly shown in the Thanet sand soils of Kent. These arc not 
rich in |)lant-food, but on account of their textnn! they are able 
to carry some of the best fruit and hop farms in the land, and these 
farms, on account of tlu!ir productiveness, are veiy valuable. 
Other examples which are equally striking arc! the silt soils of 
Boston and Wisbech on the seaward side! of thc! Kems, or the famous 
red soils of Dunbar. Thcise are light and easy-working, and are 
not rich in plant-foods except as a result of continuous and heavy 
manuring, but they are of exactly the right texture for the free 
yet not excxwsive movem(!nt of water in thc soil, with thc result 
that they respond to good cultivation and carry .some of the best 
crops in the country. 

The effect of the sizes of thc grains of sand in various soils is 
well shown in Table LI. • 

Th(!sc soils were selected by Sir A. D. Hall, who has made the 
following comments on them : 

“ In soil No. 1 the sand is almost wholly coarse!, nearly 75 per 
cent of the soil (consisting of coarse material. Such a soil obviously 
could not be very productive on account of its coarseness, and 
could only be used for planting trees of the pine and fir class, which 
have roots sufficiently long to pemetrate deeply into the soil, where 
a larger proportion of moisture occurs than at the surface. The 
coarseness of the sand and the presence^ of so small a quantity 
of clay accounts for the very lew retentive powpr for water. Such 
soils may occasionally be useci for market gardening on a small 
scale, but they require a considerable amount,of improvement 
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Table U.—Sizes Particli;s m Typioal Soils (A. I). Hall) * , 
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• The Soil, |)p. (Ht-or>. 


before they can be satisfactorily employed, and they would suffer 
greatly from diought if they occurred in localitiiw where there was 
likely to be any siuious scarcity of water. 

“ Soil No. 1 is tyjiical of the iijilands of the Bag.shot and Lower 
GreeiLsand beds of the south of England. These have no supply 
of water near at hand, and do not readily retain rain, .so that they 
are almost barren and only support the plants characteristic of 
heath lands. 

“ Soil No. 2 is a sandy loam from Woburn. The proportion of 
coarse sand is still somewhat high, so that the ground is not sjH^cially 
fertile, though it is very useful for market gardening, barley, and 
turnips, but too light to grow wheat .satisfactorily. 

“ Soil No. 3, from the vicinity of Dunbar, is another sandy loam 
which docs not contain ipiite so much laiarse sand, and is therefore 
of greater fertility than the prciteding. A soil of this kind is suitable 
for all crops, and esinicially for potatoes, for which this particular 
soil is highly valued. 

“ Soil No. 4 is a very good loam from the Thanct beds of Kent. 
It has a fine texture and is quite easy to work. On account of 
the larger proportion of line particles, it retains water rather better 
than those )n'oviously mentioned, and consequently is able to 
withstand »• drought better than those consisting of coarser sand. 
It is an excellent soil for general cultivation, though a little light 
for wheat and pasture in the south and cast of England. 

“ Soil No. 5, from the Hastings beds of Sussex, is somewhat 
similar to the preceding soil, but contains a larger proportion of 
silt, and is consequently more retentive of water, usually being 
somewhat sticky and heavy, making it appear like a clay, though 
the proportion of this constituent is comparatively small. When 
suitably treated with lime, etc., they give very good resulks and 
are especially valuable as grass lands. 

“ In Soil No. 6^the proportion of clay is higher^ whilst the pro¬ 
portion of sand is small, with the result that it is neavy and would 
be difficult to wyirk were it not for the flints, etc., which occur in 
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the surf{K-(‘ ,iiui Mil: «wn iipi'n. 11 IS jilso un(hit‘-(h*iiin(*d 
hy ehalk-rork, otiierwise it would* tiuiil to IT(i vci'v'# w<di. Soil of 
this ty|)(! is (luito good for wheat, tiiangolds, heiins, and )iasturo 
land, hut is rather heavy for harley and turnips. 

“Soil No, 7 is as heavy as can usually he eullivated*and, were 
it not for tlui ei^arse sand ])resent, would hi‘ too luaivv to use. 

“ 'I’he last soil, No. S, is iiraetieally useless for cultivation, on 
account of its heavijicss aiid the exfiensc of treatment, as nearly 
half th(^ material belongs to the clay grade, and only about 8 j)er 
cent of .sand is pre.si-nt. The soils of Oxford, Kimineridgi^, ami 
liondoii (lay areas ai'c of this type and are ainong.st the heaviest 
in this country.'’ 

'I’hc clTcct of the size and nature of the grains on th<‘ permea¬ 
bility of the .soil is shown in Table lAll. (p. 171). 

Kroiii the above comparisons of soils, the importance of the 
size and amount of sand m the soil will readily 1«‘. realised. The 
best results are obtained by a mixture containing grains of sand 
of small and uniform size and a suHicient quantity of clay and 
other colloidal matter, forming a (aunbination which letains the 
moisture and yet has in it sidlicient .sand to prmluce an 0 |icn soil 
which is fairly light. Coarse sand is undesii’ablc iir nrost cases, 
birt it is prefei-ablc to no sand at all. 

Distribution.-- 'Phe typicid sandy soils of this cormtiy are either 
alluvird Hats in the lower levels near rivers, passing iirto dunes 
where the sand aceumrdates near the .sea, oi' arc directly derived 
fr'orrr some of the rtrany coarse-gr-airu'd sandy forrrratiorrs. The 
Ragshot beds and the Lower' (ircensaml hrr'riratirrn form witle 
areas in the south-east ; the sandy berls of the Oolite prodrree 
.sirrtilar soils in Northamptonshir-e ami the Last Midlarrds ; far-thcr 
west and mrr'thwar'd the Rrmter beds give rise to other ver-y coar-.so- 
tcxtrrred soils, as does tire Alillstone (hit in urore elevated area.s 
in the north. The sanily soils pass into (he loams, which contain 
suHicient .sand to be triable and to admit of pcr-colation, yet r'ctain 
suHicient water near' the sui'face to withstand shor't spells of dry 
weather. If the sandy fractions of the loatrr are very lijte-grained, 
the soil is apt to r'tin and become sticky in wet weather, afterw'ai'ds 
(h'ying to har'd clods. The loams ar-e tyjiical soils tor arable 
cultivation and ar'e suit able tordrno.st all ero|)s (see also Vol. T. p. Nil). 

Chemical Composition.—At om' tiurir the chemical conrposition 
of the sand in a soil was regar'ded as important, in that the pro- 
])ortion of rrrineral .salts, etc., in the soil to a small extent depend 
on it ; within recent years, how'ever, it has been fotmd that the 
irrineialogii'id I'omposition and certain physical properties of the 
soil are much more ittrportant than the i-esults .shown by chemical 
analy.ds. 

Table. LI. (|). lOo) shows that. th<r chief constituent of soil is 
mnd, with a variable ])ropor'tiirn of silt and clav.^ The C'ompo.sition 
of this sand is very var ialjlc, as mav be judged from the following 
pai'agraphs and from the .section on Water Hetentioti. 
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Tlio mineral jiortion of the soil consists ehiellj of ■‘tilica. the oilier 
constituents, jvhich tire very fiuineroiis, beinj( in mneli similliT 
jiroportions. If the soil is washed to remove adhi'rent oiffanie 
matter, elay, and soluhh' sails, the residual " sand ” will consist 
very largely of silica in the form of quartz, I'ogether with a variable 
proportion of alumino-silieates, ealeium carbonate, limonile or 
other iron eom|)onnds, and very small proportions of other minerals. 
As all these minei'al grains may act as siipjiorts for the colloidal 
matter, their composition is of minor importance and is only wiath 
consideration wluai they react in such a manner as to supply some 
needed plant-food. Kor this rea,son, a chemical analysis of a soil 
gives very little indication of its value, though it may show whether 
it is rich or delieient. in certain plant-foods. The percentage of 
.silica in soils is so variable that it cannot be re]iresenled by any 
single lignre. 

The (ilnmina in a .soil is chiefly ]iresent in the form of clay, but 
a )iart of it nsnally exists in tlu' sandy piation as felspar, mica, 
and zeolites. These three groups of minerals all yield potash, 
soda, or lime when deeompo.sed by the aition of the weatiicr, and 
so form a .source of supply of the.se oxides to the .soil. The function 
of the clay, as previously de.scribed, is to form a. thin Him of colloidal 
or pla-stie material around each grain of .sand, this lilm acting as 
the dii'ect .storehouse of the plant-foods and of moisture In the foi in 
available for the plants to use. If too litth^ clay is present, the 
.soil I'annot retain these foods and will be " poor," whilst, an excess 
of clay' will so 1111 the inter.stices between the grains of sand that 
the soil becomes impenetrable. 

Iron componmls ai'c present to a considerable extent in most 
.soils. Tbey are usually disseminated very iinely and so are not 
much noticed, but in .sandy soils their pre.senci^ is more in evidence 
on aeconnt of the smaller surface ari'a of the .soil. .Most iron 
com])ounds, partiiadarly limonite (I. IS!)) and nontronitc, do not 
apiiear either to gi’catly harm or benelit soils, as no relation has 
ever been traced between the proportion of iron oxide in the soil 
and its fertility , but the average iiro|)orlion of iron eompoiinds 
in .soils is equivahmt to S-5 per cent of feme oxide, though in 
extreme eases as little as 1 per cent or as much as 12 per cent may 
Ix! jire.sent. Unoxidi.sed iron salts such as glauconite and other 
double fi'rrous silicates or Iinely disseminated iron |)yrites ha\e 
a viu'y harmful etieet on the soil, thitil the.se materials have 
been oxidised to ferric hydroxide, the soil lemains sterile ; this 
is particularly' the ea-se with iron ])yrites, which, in the form of 
marcasite, easily oxidises and then yields both ferrous snl|)hate 
and snlphui ic, acid. 

Cakium carhonate is a very inqiortant natural constituent of 
most soils ; it is al.so added to mahi! u|t foi’ any delieiency of 
lime, as agriculturists generally agree that about 1-1 per cent of 
calcium carbonate should be inlisent. Where it is ab.sent from 
a soil, the lattiir becomes acid and sterile, or the [ilants grown on 
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such soil develop fungoid diseases. In strong soils containing much 
day, calcium carbopate acts partly os a sand and serves to open 
• up the soil, renders it less retentive of moisture, and enables the 
air to penetrate it more readily. In sandy soils it acts like clay 
and serves to bind the band together and enables the soil to retain 
more water. Lime and calcium carbonate also serve a very 
important purpose in controlling the volume of colloidal gel in the 
soil and, thcreforti, its permeability and water-retaining power 
(p. 169), and in breaking up the ij)cks from which the soil is 
derived and liberating soluble salts. Thus the dissociation of 
aluraino-silicates, felspar, etc., by lime supplies potash to the soil. 

Table LIl., due to Senft, shows the amount of soluble salts 
removed from two granites by the action of water which has 
percolated through limestone and therefore contains carbonic acid 
in solution. 

Tablk LIl. -SoiiUDLK Salts kemovki) fuom Gkanite 



A. 

H. 

Potash us bicarbonate 

15-2,') 

5*H per cent 

Soda as bicariiurmte . 

2-(> 

8-10 

Lime as biearl)onato . 

1-2 

45 

Magnesia as bicarlionato . 

Trace 

10-15 

Silica as bicurbonato . 

JAttlc 

Little 

Iron 08 bicarl>onato 

. 

'I.’race 

Trace 


Calcium carbonate also reacts with the phosphates of aluminium 
and iron and liberates phosf)horic acid. 

The soluble salts in soils are chiefly mineral in origin and are 
largely the same as those which occur in the less pure .sands. Some 
of these salts are very important plant-foods, but others are 
detrimental to plant growth. Thus, magnesium and sodium 
sulphates and sodium chloride are very harmful in soils, and where 
such salts are formed by the disintegration and decomposition 
of the rocks producing the soil, the latter is seldom very productive ; 
if they are present to any great extent they may poison the whole 
of the vegetation on the land. 

Soils resting upon a serpentine base are invariably very poor 
and sterile, on account of the magnesia which enters the soil as 
a result of the decomposition of the rock. Some of the Wealden 
clays which are rich in magnesia also give very poor agricultural 
results. 

When calcium salts are present at the same time as the salts 
just mentioned, the action of the latter is diminished. 

Marshes near the sea which are contaminated by salt are only 
able to produce certain forms of vegetatioh. They are of little 
use for agricultural purposes. If has been founfl that grass will 
grow on soils containing up to 2 per cent of salt>, whilst barley 
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has been grown on soils containing more than 1|- per cent of saP. 
Clover cannot.,grow (!*i soils containing more thipr | per cent of salt. 

Potash does not occur in a useful form to any gn^at extent in 
the sand portion of a soil, but is more usually associated with the 
amount of clay present. Its proportion iiutreases with an increase 
of finely divided clayey mat(!rial, which seems to point to some 
relation between the two. The proportion of potash varies from 
a mere trace in sandy soils to 1 '5 per <‘('nt in some clay soils ; to 
be useful as a plant-food, it»must be in a soluble form and not 
present as felspar or other silicates. 

Pkosplmic acid is partly deriv(‘d from the minerals ])rc.scnt 
in the sand, such as apatite^, etc,, and partly from artilicial manurc-s, 
which arc added to make up any doliciency. Usually not more 
than about O-l per cent of phosphoric acid ocicurs in combination 
with the iron oxide and alumina. The mineral phosphates are 
not so important as the phosphoric acid formed by the d(H;ay of 
organic matter and that which is added inUintionally, iis the 
mineral phosphates are loss solubk; and therefore less easily taken 
up by the plants. In general, about 0'2r) j)er cent of total phosphorus, 
cxpresiscxl as the pentoxide, is present, though some soils contain 
much more. 

Organic matter in soil consists almost wholly of dcs^omposed 
vegetalile and animal matter, the most important constituent 
being that ill-deiined colloidal matti^r commonly known as humus. 
A consideration at the nature and composition of this material 
is beyond the scope of the present volume, so that it is sullicient 
to say that the cliief characteristics of this material are tho.se of 
a colloidal gel, which absorbs water and swells and thereby sta ves 
as a reservoir from which plants can deriv'e their sustenance. 

Physical Properties.—The value of a soil dejamds far mon; on 
the possession of certain physical projwrties than on chemical 
composition, so that it is necessary to mention the more important 
of these properties. 

The texture is im[)ortant, as it regulates the circulation of air 
and wat(tr through the soil; it depends on the shajK) and size of 
the grains of which the soil is composed and on the proportion of 
colloidal or, gelatinous matter presemt. If the grains of sand are 
too large, the soil will be coarse (p. 163); if they are too hne the soil 
will lack permeability (below ); and if the grains are too irregular 
in shape and size, the soil will be too den.se and compact. The 
grains of sand which comstitute the bulk of the material should 
thcadore be of medium hneness and as uniform as possible in size 
(p. 163). 

The permeability of a soil dejxinds on the interstices or voids 
between the grains being sufficiently largo to allow air or water 
to pass freely through the soil. A .soil with only minute voids 
may have a high perfcentage of porosity, but may not be very 
permeable, as the’ pores may be tAo small. Tliis Is a factor whose 
importance is ^Idom as much appreciated as it should be. For 
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the reason just stated, the porosity of a soil is not always a reliable 
guide to its value. ,The highest degree of ponfieabilitj' is possessed 
• by soils consisting chiefly of medium-sized, sub-angular or rounded 
grains of sand. The film of clay or organic matter covering these 
grains must l)o aa thin Ss the desired fertility will i)ermit,»and none 
of the ]M)r(vs should bo filled Avith clay or organic matter. (See 
Aeration and Water Retention.) 

For the relation of porosity to surface area see Table LVTl. 

The aeration of soils is very imjxjrtant. It is neo(!s.sary that 
a supply of air should be able to penetrates the soil and gain access 
to the roots of the jflant, aa some of the bacteria, etc., whiesh play 
an important part in supplying food to the plants are aerobic, 
i.e. they require air for their growth. Aeration is al.so n(!cessary 
so as to produce suitable oxidising conditions in the soil, as tins 
presence of unoxidised matter is a sounic of sterility and inu.st 
be carefully avouhal. Want of aeration also cause's acidity in soils, 
which is a further source of lack of fertility. 

Th<^ aeration of soils depends chiefly oti the size of the interstices 
or pores betweim the grains, and this in turn dcqxmds on the pro¬ 
portion of sand present and on the shajX! and size of the sand- 
grains (p. 1615). 

It should be remembered that a high porosity does not neees.sarily 
provide good aeration (p. 109). Tn Table LVII. (p. 174) it will 
be seen that clay soils have a high porosity, but the (M'ration and 
permeability are low Ixs'ause the {)articles are extremity small 
and the interstitial spaces are consequently very minute, with the 
result that air only jMsses througli them with great difficulty, 
owing to the high n-sistance to flow imposed by small channels. 
Soils containing much modiuately fine! sand, howciver, consist of 
larger particles, and whilst the total pore-space is not so large, 
the air-j)as.sages art* larger and offi-r loss rt'sistance, so that the 
soil with the smaller porosity has, in this cast*, the greato 
permeability and capaiaty for aeration. It is important to observ’o 
that in two sandy soils having the same total porosity, the one 
with the largest-sized pores would, of course, be the more easily 
aerated. It should also be observed that in many clay soils tho 
large poro-spac(! is largely filled with water, .so that the passage 
of air is impoissible. Sandy soils, being less retentive of \yater, 
usually have a greater capacity for circulating air. , 

Water Retention .—It is, of course, important in agriculture that 
a .soil should contain sufficient water to supply the roots of tho 
])lants growing on tho land with as much as they require. A clay 
soil eontaining a large proportion of colloidal matter will absorb 
a considerable amount of the rain which falls on the land, as one 
of the charactertstio properties of clay and other colloids is their 
power of swelling when wetted, .so that they form a reservoir of 
water in the soil. Tho swelling also dotTOases the amount of 
pore-space in thetioil, and thus renders tho passagS of water through 
the soil very difficult and slow. Not only is its ^ow diminished 
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by the increase of friction in the narrow channels thus formed 
between the |)artioll?Si, but, in the ease of clay, the dimensions of 
the particles are so small that most of the contained water does 
not flow at all, but merely diffuses through the soil. Moreijver, 
water caRnot flow through a bed of clay or loam unless tln^ particles 
have first been allowed to expand ami lake up a sufficient volunu! 
of water. Hence, clay is impervious to water and will not allow 
it to pass through into the subsoil very readily, but tends to retain 
it and so keeps the surface, (if the soil moist. If loo much clay is 
present, an excess of water will b(( retained and fh(( land may become 
water-logged ; this is just as harmful to some plants as the absence 
or scarcity of water is to others, so that an excessively <(layey soil 
is undesirable. Sand, on the other hand, has no absorptive power, 
so that very little water is retaiiu^d by it; most of th(' water ra))idly 
percolates through into the subsoil and escajws without bcneliting 
the plants growing on the surface. A “ soil " composed wholly 
of sand would, therefore, 1 k( sterile. To be of value, a .soil must 
consist of (day and sand of such a nature and in such proymrtions 
as to retain the desired amount of water without allowing it either 
to percolate away too rapidly or to be retained too long. 

The amount of water passing through soils containing sand 
and clay in different jiroportions is weli shown by sonu! exjreriments 
made by King,' who maintaiiual water at a head of 2 in. above 
columns 14 in. long and 1 s([. ft. in .section of various .sands and 
clays, and measured the number of inches of water passing through 
each column in 24 hours. His results are shown in Table Ijlll. 


TaBLK nil.—PuilMKABiLlTY OF Sa.VD.S 

TO WaTKI{ 

Mati'rlal. 

Size III Pjirticks. 

liichi's of Water pt r ,sq. ft. 
jiaHsiii^ ill 24 hoiirn. 

SatnJ. 

40. liO-inosh 

:ioi-o 

Sand. 

00 - 80 „ 

itioo 

Sand. 

80-100 „ 

7:1 di 

Sanil. 

UiO-mosfi and finer 

:i9-7 

(/lay loam .... 


in 

lilocik mar.sh soil . 


0-7 


1^ will be noticed that with the liner particles there is a great 
diminution in the rate of flow, (loinparing the various sands it 
will be seen that the one passing through a 100-inesh sieve will 
retain nearly 8 times as much water as one which passes through 
sieves of between 40- and 60-mesh. When clay is introduced the 
percolation is enormously reduced, the amount of water passing 
through a marshy soil being very small indeed. Hence, when a 
soil is rich in mineral salts, bases, etc., it may be quite useless if 
the texture of tljc soil is such aa,to prevent the projier distribution 
of moisture. 

1 Phy^ica of Agriculture, Madison, Wis., 1901. 
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Another experiment which possibly corresponds more closely 
with the drainage o{ soils in situ than the prSceding,one, consists 
‘ in measuring the amount of water drained from various sands and 
soils in a certain time. The results of several such tests are shown 
in Table LIV. and denlonstrate clearly the effect of sand on the 
water-retaining power of the soils ; 


Table LIV,—VVatek drained from Sands and Soils ♦ 


J;. 


MateriuJ. 

Indus of Water lost in 







.')U Min. 

.•n-r.o.Min. 

21 Hours. 

2to IJ Days. 

12 to 21 
Da>s. 

No. 20 sand 

io-2r) 

4-(58 




No. (50 Hand 

5-(57 

4-52 




No. loo Hand . 

1-21 

•84 




Sandy loarri 



2-04 

r>-07 

•9 

Clay loam 



1-90 

2-11 

•49 


• Hull, j’v ,sv«, 1). »2. 


If columns of sand and clay mixed in various proportions are 
saturated with water and then allowed to drain, the quick drainage 
of the upper layers of .sand is very evident, whilst columns of clay 
maintain a fairly uniform proportion of water throughout their 
height. It will thus be seen that the effect of sand in a soil is to 
increase the aeration and to allow water to percolate through 
much more rapidly than if much clay were present in the soil. 
Sand also increases the rate of evaporation of moisture from the 
surface of the soil. 

Whilst sand is advantageous in making a soil light and so pre¬ 
venting the accumulation of water, it is disadvantageous inasmuch 
as sandy soils are much less capable of withstanding drought than 
those containing a greater proportion of clay, Ix-causo the clay 
particles act as re,servoirs or sponges, whereas sand itself has no 
absorbing power (p. 171). 

In a drought, the gravels and coarse sands always siiffer first; 
this is not merely because they start with le.ss water, but because 
in a sandy soil there is a very limited movement of the subsoil 
water to the roots of the plant. Should a drought continue) the 
clay soils begin to suffer next, because the water is moved so slowly 
through the very fine pore-spaces that the supply cannot keep 
pace with the loss by transpiration and evaporation. The soils 
which are least affected by drought are the deep, loamy sands of 
very uniform texture, which are fine-grained enough to possess 
a considerable surface, and yet not so fine as to interfere with the 
free movement of water in the soil. ‘ 

Apparent DenStfy.-—The weiglit per cubic fSot or apparent 
density of a soil is very closely related to its poroqjty and power 
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of water retention; it ie dependent on the proportion of sand' 
clay, etc., pr^jsent add on the sizes of the particles. • 

The true density or specific gravity of various constituents of 
soils, together with their apparent density, which takes into account 
the voids*between the particles, are shown tn Table LV. 


Tablk LV.— ^Titus AND Ai’PArknt Dknsity ok yoiL Constituents 


• 

'I'nic bfiisUy. 

ApiMircnt Dciialty 
when Dry. 

Kumua. 

1-20 

0:54 

Clay. 

2-50 

1 00 

Haml. 

2-«() 

1 -45 

Calcium carbonate 

2-75 

11)0 

Hydrated iron oxiile . 

;5-4 to 40 

3-00 


When mixed in various proportions the substances just mentioned 
yield soils of varying apparent density, some of which are shown 
in Tabli! LVI., due to Hall ‘ : 

I’Ani.E TjVI. —.tcT’AHENT DENSITY OF Solns 



.\|>pHreut Density. 

Weisljt iK.^r eu. ft. 

Heavy clay. 

t0()2 

(iO-4 

Sandy clay. 

1 -271) 

79-0 

Sandy elav subsoil 

MHO 

73-7 

Taight loam. 

1-222 

7(5-4 

Light loam subsoil 

1144 

71-r> 

Sandy loam. 

1 -220 

7(5-7 

Sandy peat. 

0-782 

48-0 

Light sand. 

l-2()() 

79-2 

Washed sand .... 

1 -4r)0 

00-6 


It will be seen that clay .soils usually described as “ heavy ” 
are really Ie.ss dense and weigh less jKir cubic foot than some of the 
lighter soils, and that ))uro sands are the densest of all. The farmer’s 
ternis of “ light ” and “ heavy ” land refer to the case with which 
any''particular soil can be ploughed or otherwise worked, and not 
to the weight of the soil moved ; sands which he calls “ light ” 
being, as Table L\T. shows, heavier jxir cubic foot than the 
clays which the farmer calls “ heavy ” soils. 

The reason clayey soils have a lower apparent density is that 
they have a greater pore-space than sands, as shown in Table LVII. 
compiled by King: 

‘ 'CAc ijfU, p. (59. 

[Table 
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Tabi.b LVII.— Porosity and SiinrACE Area of Soils 


• ' #. 



Ptaaslty, per t ent. 

-j 

Ami of SurfiMT In 
sq. ft. per i;u. ft. of Siill. 

4 

Finest clay. 

52!) 

17.‘1,700 

Fine clay soil .... 

4K-0 

110,500 

Loamy clay .soil .... 

40-2 

70,500 

[.lOHm. 

•14-1 

4(),500 

Sandy loam. 

*SS-H 

30,000 

Sandy soil. 


11,000 


In tho finer-grained soils, the weight of the small jiartieles of 
clay is not siiffieiont to overcomo the frietion which prevents tho 
parlides from arranging themselves so as to have the minimum 
pore-spaeo, and eonse(|iiently there is in such soils a larger pro¬ 
portion of interstices. 

The Addition of Sand to Soils,—In eases where a soil is very 
heavy, but otherwise valuable, it is sometimt's jirofitable to add 
a sufficient quantity of sand to the upjier layi^rs to produce a more 
open texture, and so render the soil more fertile. Whether this 
practiix'; will be profitable diqiends on the nearness of a supply 
of suitable sand and the cost of apfilying it to the. land. Where 
such an addition of sand is to be made, a material having jiroperties 
desiribed on p. I()3 should bo employed. Silver sand has been 
used very satisfactorily in the south of liigland for the treatment 
of some clayey soils. A similar yet smaller effect is obtained by 
mixing a sandy soil with another heavier soil; this treatment is 
ternieil umr)nwj or dry mirping. Tho sandy soil acts in the same 
manner as sand, but a much larger quantity is required. It is 
a curious fact that, whilst the addition of sandy soil to a clayey 
soil is practised to some extent, it is by no means so usual as the 
addition of clay to a sandy land, though the latter is far less 
remunerative. 

The chief difficulties experienced by adding sand or a sandy 
clay to another soil are that such an addition docs not increase 
the amount of plant-food in the soil, so that the relatlye amount 
of organic, matter in the treated soil is less than that in the original 
material, and heavy fertilising is also necessary unle.ss tho original 
soil is exceptionally rich in plant-food. ' 

The Use of Non-sillceous Sands In Agriculture.-—Various sands 
which are not necessarily of a siliceous character are used for dressing 
land, especially for increasing the plant-foods in the soil. Thus, 
calcium carbonate is sometimes added in tho form of shore sands 
containing a large proportion of minute fragments of shells. This 
treatment has been found to be very satisfactory where the shell 
sand is readily available and labour is t'neap. The “ manure 
gravels ” which occur beneath the Boulder Clay* in the southern 
parts of Wexford (I. 76) consist largely of shell sands and gravels, 
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and aro used for dressing agricultural land. In America, ])hosphato’ 
sands are used to a'slarge extent us a nu'ans yf adding plant-food 
to soils. 

Preparation of Sands for Use in Agriculture. - It is not ])roKtal>le 
to prejiare siliceous sands prior to adding tfiem to a soil, on aei'ount 
of the high cost and the large amount of material required, but sand.s 
which form one ingredient of h^tilisers may, however, he jirepared 
to sonu! extent by grinding, washing, and drying them before use. 
F’or instance, the phosphate sipids found in tlw^ United States contain 
a large proportion of clay which is removed by washing and re¬ 
covering the sand in settling cones (1. IlilS). T’he (tryimj is etieeted 
by th(^ settling cone, some form of artificial dryer being used if 
necessary, 'i’he ijrimliruj of phos|)hati<^ sands is usually elleet<‘d in 
a l)all, tube, or roll mill prior to their conversion into sujK'r-jihosphate. 

OtluT crushed rocks such as phosphat(^ loek, eoi)rolites, el(\, 
are also used for dressing soils, but they are scarcely within tlu^ 
com|)ass of this volunwe 

Testing Sands for Use in Agricuiture. -VVberi^ sands are. to l)e 
added to the soils, the following tests may be a])j)lied in order to 
ascertain wlujther they are suitable for the purpose : 

1. Uhemieal composition (I. 237). This applies specially to 
f(!rtiliser sands, which shoul<l contain an ample pro|)ortion of plant- 
food. In siliceous dressings the. chemical composition is not so 
important. 

2. A sizing or gi ading test (I. 240), in order to ascertain the t(^xtur(! 
and the size and grading of the particles. 

3. An elutriation test (I. 252) to ascertain the proportion <if 
clay present. 

4. A microscopical examination (1. 241) to asc'crtain the shajie 
and nature of th(! partiekw. 

5. A determination of the ai)parent density (I. 25it). 

C. A permeability test (I. 263) and, if desired, a porosity test 
(I. 201), though th(! lattcw is of less value in agriculture than is 
commonly suppo.sed (j). 109). 



CHAPTEE IX 

THE USE OP SANDS FOR FILTRATION 

The purification of river, lake, and other waters for domestic use 
is effected in various ways, depending on the impurities to be re¬ 
moved. The chief impurities may bo classed as follows : (a) 
suspended dirt, organic matter, etc., (6) bacteria and otlu^r disease- 
producing organisms, etc., which are also in suspension, and (c) 
mineral salts and other substances in .solution. 

Substanc(w in .solution are often removed by precipitation, 
which puts them into su.spension ; they are tlum removed like 
other suspended matter, by sedimentation or filtration, usually 
through a sand filter, whi(;h is esjxicially us(fful for treating water 
on a large scale, such as that required for use in towns and large 
imlustrial c(mtres. In addition to the filtration of water, sand 
filters may be used for filtering oils, acids, etc. 

Sand filters are of two types, known resp(^ctively as (a) slow- 
sand filters, and (6) rapid-sand filbu-s, the latter being rather coarser 
than the foi-mer, so that the water passes through thorn more 
rapidly, [rrc.ssure or suction being sometimtts used to increase the 
rate of flow still further. 

The ndative value of each tyjre of filter is shown below : 

Slow-sand filters are preferable where the water is contaminated 
by sewage, but is fairly free from other suspended matter. If 
coarse susjrended matter is present, sedimentation followed by 
slow-sand filtration is very satisfactory. Water whv-ih has an 
objectionable odour is also Iwist treated by the slow-sand method. 
The principal disadvantages of the use of slow-sand filters are that 
the proce.ss occupies a very large area and is extremely slow, I. hilst 
at the same time frequent cleansing is necessary to ensure proper 
action. 

Rapul-sand fillers arc useful where the sewage contamination, 
if present, is not great, and also where the water is coloured. When 
fine suspended matter is present, sedimentation followed by rapid- 
sand filtration is usually the best method. 

The value of a sand filter for water is du^to two factors, (a) the 
straining action af the sand in hslding back coarie matter, and (6) 
the formation on its upper surface of a layer of slimy material 
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composed of clay, vegetable matter, such as algae, fcte., which forms’ 
a support for the growth of organisms and so arrests a large jiro- 
portion of any bacteria which occur in the watei*. After some time, 
a bacterial jolly also coats the particles to a considerable depth and 
stops any bacteria passing through the filter. Some of the bacteria 
also oxidise organic matter, etc., and cllect other important changes. 

A sand filter, if sufficiently' large and used for a sufficiently long 
time, will completely clear a turbid solution of all susjiended matter. 
The latter is chiefly retained in the top half-inch of the filter, the 
matter so collected arresting the passage of all other suspended 
matter. If the su8[»nded matter is extremely fine, the action of 
the filter is greatly increased by the addition of a precipitant or 
coagulator, whidi forms a voluminous precipitate which surrounds 
the fine particles. 

When a sand filter has been in operation for some time, its output 
is reduced as a result of the accumulation of material on the surface 
and the growth of bacterial and other matter through the filter 
bed, so that it must be cleaned |xu'iodically and a new surface of 
sand exposed. The latter is soon coated over with the slimy layer, 
and the filter then resumes its normal a(!tivity. The cleaning is 
usually effected by removing .j-1 in. of sand at suitable intervals. 
In some eases it is micessary to scrape off a thin layer every few 
days, whilst in others once every 4-fi weeks is sufficient. The 
filters used for the London water supply are scrajred every 30-40 
days. When a foot of sand has been removed in this way, the 
filter must be rc-sandod and th(! sand in it brought to th(! original 
level. In most cases, the sand scraped from the filters may be 
wa.shed and used over again. 

Sand filters consist of layers of material of various sizes, the 
finest being at the top and the coansest at the bottom ; in many 
of them the lower part is occupied by graved, stone, shingle, etc., 
from i-2 in. diameter, in which are laid open-jointed jeipes, 4-8 in. 
diamctcir, to fatdlitate the removal of the filtered water. 

A typical foundation consists of : 

6 in. broken stone or abinglo . . .1-2 in. diameter. 

3 in. gravel.in. „ 

6 in.„gravel.l-j in. „ 

III rapid-sand filters the foundation is sometimes only about 
8 in ..deep. 

The depth of the sand layer should not be less than 1 ft. and 
should preferably be 2-3 ft. deep. In England 2J-3 ft. is the average 
depth of the sand bed, both for slow- and rapid-sand filtration. 
The sand bed must be sufficiently thick, so that its efficiency will 
be maintained after about 1 ft. of material has been removed by 
the cleaning process. 

The effective working of a sand filter dcjiends very largely on 
the depth or “ hjad ” of water r bove the sand bed. If the head 
is too little the filtration will be slow, whilst if too great, the water 
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'will burst a pasSage through the sand and pass througli without 
being filtered. The head .should in .no case exgeed the depth of the 
. sand bed, and shodld preferably bo about half the‘depth, 18 in. 
being a good average, though in some eases a head of only 9 in. is 
employed. . 

Th(! average rat<^ of filtration by the slow-sanil method should 
be 2-3 million gallons per acne per day. According to Koch, the 
speed of the water passing through the filter should not be greater 
than 100 mm. oi' 4 in. ])er hour. This corresjxmds to nearly 2J 
million gallon-s ])er acre per day. * 

The sand used for filtration ]nirpo.ses should have cau'tain 
properties which may l»e classified under the following heads : (a) 
chemical composition, (0) shajX' of grains, (c) size and grading of 
grains. 

Chemical Composition.-- The sand used for filtration is usually 
of a highly sili(!eous nature, and .should be reasonably pure. The 
sand in large filters generally consists of quartz.os(^ grains, but for 
small domestic filters kie.selguhr is sometimes us(sl and is .an exeelhmt 
filtering medium. 

('lay, silt, etc., should not bo present, and, if necessary, should 
he removed by washing, as such substances fill up the int(ustiee.s 
Ijetween the larger giains and decrease the pru'ineability of the 
filtc'r and tlu! rate of filtration. 

Penniidi has sugg(!sted that the sand need not be (piite eh^an, as 
a small iiroporlion of very lino particles aids in regaining liaeter ia, etc., 
but most .authorities state that the sand shoidd be as clean .as possible. 

Lime compounds, especially chalk, are undesirable, as tlusy harden 
the water passing through the filter. A vany small i)ro])ortion is 
not serious, as it will soon be removed by sohition in the percolating 
water. 

Ircm comjmumls in the form of liiuonite (I. 189). which (exists 
as a surface coating on the sand grains, is sometimes advantageous, 
especially if the limonite is in the state of a colloidal gel, as it then 
increases the ahsoi'ptive power of the sand for org.anic sid)stanees, 
and .sometimes it also inei’ea.ses the rate of oxidation. Colloidal 
ferric hydroxide, when jnesent, is eleetro-])o.sitive and combines 
in some way with the electro negative bacterial jelly formed on 
the surfaces of the sand graims in old filtews. A large'amount of 
ii’on compounds is, however, umlesirable, as it then tends to clog 
the filters .and may also impart a yellowish or brown colour fSt the 
water passing through them. 

The Shape of the Grains.—Many people who use .sand for 
filtration purposes appear to consider that the shape of the particles 
of sand is of no importance, Sharp angular sand or crushed quartz 
is generally preferred, but it is often stated that there is little 
difference, as the grains .soon become coated with jelly. It is also 
claimed that rough-surfaced grains are prcf«rablc, ,as tlu* bacterial 
growths adhere niore readily to them than to smowth-faced grains. 

Rounded grains, however, have several advantages, as a sand 
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composed wholly of rounded grains has a gtx'ntei' jn-oportion of 
voids and, th(jrefore,»ii greaU'r rate of liltratioy than a sand con¬ 
sisting wholly of sharp angular grains. In addition to this, rounded 
grains can never interlock and thus reduce tiu! periueahilitv of any 
part of the filter ImsI, whereiis angular gAiins interlock readily. 
Notwithstaiifling these appaient advantag('s, it is fotind in jrr.aetice 
that apart from cxces.siv(dy angular, laminated, and flaky grains, 
the shape is of minor importance, though rounded grains, when 
obtainable, are to be irreferrer^. 

The Size of the Grains. -TIk! grading of a saiul for use in 
filtration is of great importance, as the rale of filtration, the 
effectiveness of the purification, and the uniformity of How through 
the filtfs' (lci)end iiism it. 

In considering the sizes of tln^ sand gr.ains it is necessary to 
take into account (a) the nature of the liipiid to be filtered, and 
(b) the amount of puritication rcipiired. A coars(^ sand will give 
rapid liltiation but poor puiilication, whilst a very lim^ sand will 
give a good purification but will liltci- v('ry slowly. A com|)romis(^ 
between thes(^ two exti'cmes must, usually be decided upon, tin' 
liltf'ring medium being as fine as possible consist('nt with jiroiHT 
drainage and the aer.'ition of tln^ inteistices. 

Particl(« small enough to be regarded as silt (I. I) or “dust” 
are undesirable, as they fill the |)ores and jnevent aeration, which 
is necessary, in the casi^ of a public watci- su])ply, foi' the piojrer 
oxidation of any organic mattc'r in the water. (!onsef(uently all 
particles less than tI OOIl in. diameter should Ik^ remov<al from the 
sand by washing. 

In filtration any consideration of the size of the sand should 
be based upon two factors, viz. (n) tin! efb'ctiva; size', and {(>) the 
uniformity coefficii'iit. 

The effective size has been delin(!d by various engineers in 
different ways. One of the most convenient is to d(!lin(! th<! 
maximum and minimum sizes of grains which enable tin' filter 
to work at a given rate. 1'ln‘ efle(!t iv(! siz(! is defined as the .smalle.st 
size of grain contained in iff) per cent of the material, or as the 
8iz(' of grain than which 9t) p(!r cent of the mat<!rial is <!oarser. 

The nniffjnnily coefficient is found by dividing the largest size 
of the small<!.st grains which constitute exactly tiO per cent of the 
materml by the smallest size of grain in the coarsest material, 
which^epresents exactly iff) ])cr ('ciit of tin' material. 

Another definition of the uniformity'coefficient is as a figure which, 
“ when multiplied by the effective size, will give a .size of grain of 
which 60 per cent of the material is finer.” Thus, suppose a sand 
has 90 per cent of grains coarser than 0-016 in. diameter and 60 per 
cent finer than 0-024 in. diameter, the effective size is 0-016 in. 
and the uniformity coefficient is l -.'i (l-.b times 0-016 in. =0-024 in.). 

The uniformity coefficient is not very satisfactory, yet it is 
difficult to replaciv it by any othei^ figure based oft more scientific 
considerations. ^It should usually be about l-ti-l-T. 
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The objections to such definitions are that they are on an 
Empirical or arbitrary basis, and that they (Tircrlool^ the fact that 
the 10 per cent of fine material is equally as important in the 
process of filtration as the 90 jMjr cent of the coarser matter. The 
size of the smallest palticlcs of sand should clearly be a trifle less 
than that of the smallest particles to be removed by filtration, 
as if the sand is larger some of the particles of susjxmdcd matter 
may pa.ss through the filter. In practice, however, this leads to 
the use of unnecessarily small p.arti(ilcs, becau.se it disregards the 
effect of the bacterial jelly which forms on the surface and, to 
some extent, in the interior of the filter. As a matter of experience 
it is usually found that the most efficient filtration is effected if 
90 jH^r cent of the grains of sand are larger than O-OIO in. diameter, 
with ferv of the grains larger than O-Ol.') in. and none exceeding 
0-01 in. diameter. This corresponds to an “ effective size ” of 
0 010 in. 

The figures in Table LVIII. are given by scweral filtration 
plants : 


Taulm JjVJJI. —SiZK tiif* (trains fou Filtration 



LlIVctive iSi/e. 
fn. 

IfnildniiUy 

Modiailieal filter, Minnuupolia, Min., U.S.A.* . 

o-ou-()(iis 

I(i5 

Filtration and softening plant, Colimilais, 
Ohio, U.S.A.t. 

o-ni(i 

1-5 

Metroj)()iitan, London. 

(>(ur» 


AntwerfiJ. 

OOK) 



• J'Inyimrrittif iiccvnl, Ni>v. IS, IRll. 
t Jim/inrering Record, Kcl>. 24. 

i Modern MiHnuhi of }¥ater Purifiration, Ddii and Cldalioliii. 


The effective size of the sands used at Berlin, Hamburg, and 
Altona, in Germany, is slightly less than for the Metropolitan 
Board, liondon.’ 

In an ideal sand for filtration, all the grains would be of the 
same size and approximately O-OOH in. diameter, qo that the 
uniformity of a sand would best bo represented by the jwoportion 
of grains exactly this size. As no natural sand is wholly ufiiform 
it is necessary to allow a reasonable variation from anyVgiven 
diameter, and when this is done, the uniformity of a sand may bo 
riipresented by the percentage of grains between O-OS and O-OlO in. 
diameter. Thus, if a sand contained 87 per cent of grains between 
O'OIS and 0'025 in. diameter, its uniformity would be expressed 
as “ 87 per cent.” This method of expressing the uniformity with 
reference to a given size of particle is more of service for filtration 
puriwscs than a more general expressioi*; where the latter is 
preferred the ueiformity may he expressed in*a similar manner 

‘ Modem Methods of Water Purification, Don and phisholm. 
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by ascertaining the average diameter of the grains and then 
ascertaining t]io pro^rtion of grains witliin definite limits greater 
or less than the mean. 

The uniformity or otherwi.se of a sand can be most eiisily 
appreciated by plotting each size and percentage on a graph, such 
as that rccommendeci by Boswell (I. 21.5). A wholly uniform 
sand will be represenk'd on such a grai)h by a vertical straight line, 
and even when a sand is not wholly uniform it is easy to see the 
extent of its uniformity. , 

The rate of j>ereolation dc^ixmds on the size of the particles 
and is inversely proportional to tlu? area of the grains jxt unit- 
volume. Thus, Don and ('hisholm found that umhu' a head of 
one hundredth of tlu^ thi(dinoss of the tilter bisl, water passed through 
a clean bed three times as fast with a .sand whose (effective size was 
0'014 in. as with one whose effective size was 0-(X)8 in. The rate 
of percolation through the Ijondon sand (p. 180) is just under 
4 in. jx^r hour. 

When a bacterial jelly has formed on the sand grains, the 
effectiveness of j)urification depends on the surface of such jelly; 
if the latter is uniformly distribuk'd the offieiency of the purification 
will depend on the surface area of ilw^ grains of sand. As the jelly 
is largely colloidal in character and oidy affects the purification 
of tlu! water whicii comes into intimate eontjwd with it, the best 
separation will obviously be obtained by splitting tlus lirpiid into 
the thinne.st po.ssihle layers, so that the bacterial jelly on the grains 
of sand <!an conu^ into the closest ])ossible contact with the deleterious 
matter, and all organic matter can be oxidised. According to 
Baldwin and Wiseman, a sand having an average diameter of 
0-014 in. will divide the water into layers about 0 002 in. thick, 
whilst sands 0-25 in. diameter will only cUvide it into lay(Ts about 
0-01 in. thick, so that the separation will lx; far less effective. The 
surface area (»n be calculated from tlw' results of a grading or 
sizing test as tieseribed in Vk)l. 1. p. 211. 

According to Don and (thisliolm, sand consisting of grains 
0-04 in. diameter has an area of about 5(M) sq. ft. p(!r eu. ft., and 
one consisting of grains 0-005 in. diameter ( = 100-mesh) has a 
surface arw of about 5000 s(|. ft. per eu. ft. A fine day with 
grains less than 0-004 in. dianu-tei- has a surface art^a of at least 
400,(^ sq. ft. ixr eu. ft. 

hfom the foregoing it will bo realised that the best sand for 
filtration purposes is one. composcal almost wholly of rounded 
particles 90 jxw cent of which are between 0-004 in. and 0-01 in. 
diameter. It is not always possible to use so uniform a sand, but 
an endeavour should bo made, by suitable methods of preparation, 
to remove those grains which are outside the hmits just mentioned, 
as otherwise a sand with a lower power of filtration will l)e employed. 

Sources ol Sand fth- Filters.—Various shore, dune, river, and 
pit sands are useef for filtration jml-poses ; dune stftids are generally 
preferable to ijver sands, as the latter usually vary considerably 
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in toxturo, whilst the former are generally fine and uniform. The 
coarser sands of L’ighton Rii/./.ara (I. il!))''are largely used for 
filtering water, and the Ai)pin quartzites near Kentalleu, Argyll¬ 
shire, are used for filtering acids. Sources of kic^selguhr for house 
filters are described in Vol. I. p. 96. A white sand is usually pre¬ 
ferred to a coloured one, and a local sand, when obtainable, is 
generally usial on account of its lower cost. 

Preparation of Sands for Filters.—In most cases practic^ally no 
preparation is considered necessary ;«■ the sand may, if necessary, 
b(^ nmhed to remove dirt, silt, etc., by one of the methods 
descrilxal in Vki). I. p. 384, and screened (I. 441-468) to remove 
excessively coarse or fine particles, .so as to jjroduce as uniform 
a sand as possibh^ The eflieieiu^y of a projierly prepared sand 
is much gr(^at(^r than that of any crude sand, yet many water¬ 
works engini'crs fail to perceive this and employ an unprepared 
sand because of its low first cost. 

Where a rock such as quartzite is Ihe source of the sand, this 
must be crushed and ground (1. 346) to the rc(pured size, and, 
if necessary, screened as abov(^ 

Sands which hav(! Ixani in u.se for some time as filters need to 
bo washed before^ they can b(i re-used. 

Testing Sands lor Filters.—The |)rincipal tests of sand for 
filters are : 

1. A cleanness test (I. 244). 

2. A .size or grading t('st (I. 246) to ascertain whether the sand 
grains are within the suggested limits. 

3. A microscopical examination (I. 241) to determine the sha})e 
and nature of the grains. 

4. A cheniirail analysis (I. 237) to show the composition of 
the sand. 
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THE USES OF SAND IN THE CHEMICAL INDUSTRY 

Titu |)iiiKi|)al siibstiiiiocw in tho manufaotino of which sand is 
required are : 

1. Silicon and silicon compounds. 

2. R'l ro-silicon and other ferro alloy.s, 

3. Sodium silicate. 

4. Ultramarine. 

5. >5eolit(w, including |)ermutiti^ 

(). Cai horundiim and otlua' eai hid(!S. 

7. Class (see Chapter XII.). 

8. Fusi'd quartz (.see Chapter XII.). 

Silicon and silicon compounds may he [)rodueed I'rojn silica. 
A very crude form of the metal silicon was piepared hy Ihuzelius 
in 1808 hy fusing a mi.xturi^ of iron, carhon, and silica, but, according 
to Vigoureaux, the best method consists in beating a mixture of 
20 parts of powdered silica and 10 parts of magnesiinn, togtdher 
with 0 parts of calcined magnesia to slow down the reaction. Tins 
temperature to which the material is heated should be 300“-400' C. 
at first and then up to red luait. I5y this treatment the silica is 
reduced and the magnesium forms magnesium oxide, which may 
be removed with hydrochloric acid ; the (uude. silica is further 
pyrilied, if necessary, by repeal'd heating with hydrofluorie and 
sulphuric ift'ids. 

VVhcrc a crude silicon will suffiei^, as when it is to be uscal for 
prepjiing .silicon eompoimds, it may be madi; by heating white 
sand* with one-quarter of its weight of magnesium pow'der. The 
reaction is very vigorous, and is aceompanierl l)y a Hash of light. 

A method of preparing silicon on a jarg(^ scale coasists in heating 
silica and carbon in an electric fuinace, (uther with or without a 
flux. The carbon removes the oxygen from the silica, the carbon 
dioxide being evolved as a gas, leaving tin; silicon behind. 

OrajthiUndal silicon may Us protlueed by heating magnesium 
and fine sand, fysing*tho produjit with aluminium and (cryolite, 
and then treating it with water and acids. Thii? hiavea glistening 
black particlesiof graphitoidal silicon. 
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Silicon nitride may be made by heating a mixture of Band and 
c&rbon to a temperature of 1400°-li500° C. in jf curreajt of nitrogen. 
The sand is reduced to silicon by the carbon, and at high tempera¬ 
tures, combined with nitrogen, forming silicon nitride, which 
corresponds to the formulae SiN, SiNj, and SijN, respectively. 

Silicon Alloys. —In order to impart a greater hardness and a 
greater resistance to acids, and also to act as a dooxidant in the 
manufacture of steel and .some other metals, various silicon alloys 
arc employed. One of the best-known«of these, ferro-silicon, is made 
by heating sand with carbon and iron or iron turnings in a blast 
furnace or electric furnace. By this treatment the .sand is reduced 
to silicon, which combines with the iron, giving a product containing 
from 8-96 per cent of silicon, according to the purpose for which 
it is to be used. The higher grade alloys containing the larger 
proportions of silicon are always made in electric furnaces. Other 
silicon alloys which are made in a similar manner include ferro- 
silicon-aluminium, which contains 12-15 per (tent aluminium, 
ferro-siUco-manganese which contains 50-70 })cr cent of manganese, 
ferro-silico-manganese-aluminium, which contains 9-22 per cent of 
manganese and 4-5-12 per cent aluminium, and ferro-silico- 
manganese-calcium-aluminium, which contains 50-.55 per cent of 
manganese', 18-22 per cent of calcium, and 4-5 per cent of ahuniniuni. 

Sodium Silicate.— A somewhat indefinite compound of soda 
and silica commonly known as water-glass may be made by boiling 
under pressure a mixture of sodium carbonate, sodium hydroxide, 
and silica. The j'rocess is carried out in an iron boiler, under a 
steam-pressure of about 00 lb. per sq. in., .-ind is continued for about 
12 hours until a syrupy liquid containing about 50 per cent of 
sodium .silicate is producefl. 

Sodium silicate may also bo made by fusing a mixture of .silica 
and a sodium salt, such as the carbonate, hydrate, or sulphate, 
together with a little charcoal, in a reverberatory furnace. The 
treatment is continued for about 8 hours, and when the reaction 
is complete, the product is east into moulds. When cold, the blocks 
are crushed and dissolved in water or sold as rock silicate. 

A mixed silicate of soda and potash is produced by the simul¬ 
taneous use of both alkalies in the process of manufactuie. 

Ultramarine. —Various green and blue pigments of indefinite 
composition, known as ultratnarines, are made by heating a mature 
of china clay, sodium carbonate or sodium sulphate, carbon, silica, 
and sulphur in approximately the following proportions : china 
clay 100 parts, sodium carbonate 103 parts, carbon 4 parts, fine 
sand 16 parts, sulphur 117 parts. 

Smalt is made by fusing a mixture of fine sand, potash, and oxide 
of cobalt in proportions to produce the various shades required. 

Zeolites are complex alumino-silicates of low stability. They 
are sometimes made by fusing crushed quaftz or Sand with a flux. 
T. D. Riedel in 1906 patented tie use of a mixture of 3 parts of 
kaolin, 6 {)arts of quartz or sand, and 12 parts of sodium carbonate, 
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which are mixed and fused until the zeolite is formed. Permit tile, 
which is a zer^lite usW for waUA softening, may be made by fusin'g 
sodium carbonate, china clay, or alumina and fine sand. The product 
corresponds in composition to the formula Na.2Al.>Si020,. (illjO. 
Manganese permulUe is made of saml, alununa, and a higher oxid(^ 
of manganese, whilst in cakitim permuUte. the sodium is replaced by 
calcium. When used for water sofbuung, the sodium or other 
metal of the permutitf) replaces the metal which causes the hardness 
in the water, thus .softening ttn; latter. Different kinds of ])crmutitc! 
arc used for removing different hardening materials from water. 

Carborundum and other carbides and earboxides an^ made 
from mixtures of silica, coke, sawdust, and salt in various pro¬ 
portions, and treated in slightly different ways in an electric furnace. 
Their nature and manufaeture have alread.\' Ix'cn de.sci ib(al (I. S(i). 

Sources of Sand.—When sand is used as a (thendcal r<‘agent it 
is solely as a convenient means of obtaining silica in a relativ(dy 
pure and finely divided form, though the physical |)ro|X'rties art^ 
often important on acisnmt of their influence on the rate at which 
the desired reactions proceed. 

The principal siliciious materials available for prej)aring chemical 
compounds are as follows : 

Powdered quartz or fine saml is largely used where the ingredients 
of the mixture. ar(! to be fused, as, ])rovided the mateiial is ground 
sufficiently fine, the fact that it is crystalline is not of great import¬ 
ance. The reaction does not. of course, take place so rafiidly as 
would be th(! (xise if an amorphous form of silica were to be uscsl, 
but by raising the temperature to which tlu; mixtures are heated 
and prolonging the heating, the reaction takes ])lace sufficiently 
rapidly to make the use of this material successful on a commerrial 
scale, whilst the sand is much dieaper than amorphous silica. 
Sand or powdered ([uartz is used in the manufacture of silicon, 
ferro-silicon, and other silicon compounds, zeolites, carborundum 
and other carbides, and sometimes in the manufacture of sodium 
silicate and tdtramarino. An impure form of silica, viz., a siliceous 
iron ore, k sometimes used in tlu; manufacture of fcri’o-silicsm. 
When; the reaction does not take place sufficiently rapidly with 
crystalline* silica, an amorphous form of silica may bee useeel with 
advojitage. 

wiished silica rocks may Ijo empleeyesl feir the same purposees, 
but the fact that sanel eloes not need eerushing is in its favour. 

Flint which has been calcinesel at red heat, ejucnched in water, 
and ground to a very fine powdeer, is often used as a semrcee eef silica 
for making sodium silicate, as flint is a nateiral fenm of amorphetus 
silica, and therefore is inewe reeadily attacked anel di.s.solveel than 
the crystalline forms. Flint may alsei be used feer making other 
chemical compounds, though the cost eef grineling it is usually 
greater than the^cost 8f prexiucing the aelelitiemal heat needeed when 
fine sand is used. ’ 

Kieselguhr ,ia one of the most satisfactory materials for taking 
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part in a chemical reaction, on account of its skeleton texture 
(I. 96), which rendurs it more easily attackecl'than a#iy other form 
of silica. It is sometimes used, instead of powdered (juartz or flint, 
for making sodium silicate, and it is generally used as a source of 
sili(!a in ultramarine manufacturt!. Its u.se has not Ixiim developed 
to any gieat (extent in other chemical industries, exoejit as an 
absorbent for chemicals, especially acids, to facilitate their transport. 
Thus, if an acid is absorbed in kie.selguhr, there is no fear of it 
being spoilt in transport. • 

For this purpose, the kie.selguhr should be clean, pure, and as 
highly absorijent as possible. The other ju'operties desired are 
practically the same as when kieselguhr is used as an absorbent 
for nitroglycerine in the explosive industry (see Chajibw XIV.). 

Gkiitconite mnds have lw)<^n suggested as sounsw of potash and 
oth(!r chemical eompouiuLs. Thus, 11. W. (lharlton ^ has pro])os(Kl 
to recover potash from gieensand by digesting the lattei’ in a linely 
divided state with lime and water under a pressure of 225 lb. ixsr 
s(|. in. maintained for 2-4 hours. Tins li(piid is then filtered, the 
potash being afterwards recovered from tbe solution in a very pure 
state. According to Charlton, one ton of greensand will yield 
100 lb. of ])otash. 

E. Rart has been granted several American pabmts for the treat¬ 
ment of greensand with strong acids to remove; the metallic oxides 
and to convert the potash into chlorides or .sidphates, which then 
enter into solution. The; insoluble matter is removed by filtration 
and the; |)otash reeov(;ied from the solution by <;vaporation and 
crystallisation. 

M. Haubei’^ has ixitented tbe ])roe<;ss of mixing greeensand with 
ferrous .sul])hate and then heating it to a dull-ied h(;at to deeeonipo.se 
the .sulphate and form eombin(;d .sidphates of ])ota.ssium and 
aluminium, which are dissolved, separated from insoluble matter, 
and the soluble salts recovered by (;vaporation and crystallisation. 

Many methods for the recoviiry of potash from glauconite and 
other sands have Ixien tried ; they can only be profitable when 
such important sources of potash as the Etas.sfurt beds arc either 
exhausted or rendered unavailable by war or .similar extraordinary 
caiLses. . * 

Desirable Properties. —The [iliysical nature of tin; silica, used 
in the preparation of chemical com|)ounds is of minor impor^ince, 
provided the particles are .sufficientiy small so that they eanniaet 
rapidly with the other substanee.s and jiroduce the required com- 
jiound as quickly as po.s.sible. It will, therefore, be obvious that 
the siliceous materials which can be enqiloyed are limited to fine¬ 
grained sands and to those which can be ground at a remunerative 
rate. 

The sliaiK! of the grains is of no imjiortaneo whatiiver, but it 
is most important that they should be exft'eme^y small. As has 

’ J. Itid. Etiff. Chem., I!) 18, 10. 0. 

“ i;.S. Pat. I,;t23,704 (1919). 
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been shown previously (p. 142), fine particles of silica are uiiieh 
more readily^attacked by other substan(50s either in the liipiid or 
solid form under the influence of heat than are larger ])articles. 
The maximum speed of reaction will therefore be obtained by the 
use of finely divided materials. * 

Amorphous materials are preferable to erystalliiu', as the 
individual particles are imufli smaller and iniieh more ejisily att!iek(sl 
by other chemical substances. Hence great fineness is one of the 
essential properties of silic(*)us material u.sed in the production 
of chemical compounds. Extreune fineness can only be obtained 
by prolonged grinding or bj' precipitating the silica from solutir)n ; 
e.<j. by adding acid to a solution of sodium silicate and collecting 
the precipitated silica. For most purpo.ses such extremely small 
partides ar<! not necessary, and it will usually suffice if a sand is 
used in which no particles are largtu' than (l t)2 in. in diameter. 

The chemical composition of tlu^ sand may or may not Is* 
important. Where a chemical compmind of great purity is to 
be produced it may be desirabli^ to use as pur<! a form of satul 
as possible, or the product may reejuini an excessive amount of 
purification bd'ore it can Is? used. Where a less ])ure [U'oduet is 
required, a little impurity in tin; sand is not serious, though pure 
raw materials should b(! miiployed as far as ])ossibl(;. Ftutunately 
there an; in this country abundant supplies of sand containing 
98 per cent or mor<! of silica, and these are (piite pure enough for 
most chemical [mrposes. When a chemical inanufaetunn eom- 
jfiains that such a sand is not jmre enough for his work, it will 
usually be found that lu^ is really reli'rring to the unsuitabk' |)hysieal 
nature (such as the size of the partieli^s) latlier than to the chmnieal 
composition of the material. In sonu! ca.ses, however, the sands 
used must be almost completely free from iron eom|)ounds, and the 
sand used in making carborundum and ferro-silicon should also be 
as free as possible from alumina. 

Preparation of Sands for use in the Production of Chemicals.— 
As a general rule tlu^ sand should napiire no pnqjaration aiiart 
from washing, .screening, and liiu^ grinding. The washing may 
be necessary to remove clay, if any is pi’csent, but shoukl b(! avoided 
W'here postibk', as it also removes t.he finest ami most aetivn> particles 
of silica. 

eVartz and Hint are ofbm heabsl to a high tem|xn’ature and 
qum'Aflied in cold water to disintegrati! them and facilitate the 
grinding. The grinding may be carried out in any suitable form 
of fhie grinding-mill, the |Hmdtdum (1. 371), ball (T. 395), or tube 
mills (I. 309) Ixnng very suitable. Kiesedguhr is prepared as 
described in Vol. I. p. 1(X). It is usually delivered to the u.si;r in 
the prepared state and m^ds no further treatment. 

The purification of sand, flint, or kieselguhr by chcmiical 
methods, for use in chemi(!al manufacturi^ ys sddom a<lvisable, 
it being preferable to purchase it material of tlm req\iisite purity 
for the purposp for which it is to be cjnployed. 
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Testing. —The only testa usually necessary for siliceous material 
tb be used in the manufacture of chbmical confpoundij are : 

1. A chemical analysis to show the purity or otherwise of the 
material (I. 237). 

2. A sizing or grading test (I, 240) to show the fineness of the 
sand. 



CHAP'J'Kll X[ 



THE USES OF SAND IN POTTERY MANUFACTURE 

The term “ pottery ” may undorstood to include all articles 
mad(! of clay, with thi^ ex(a!ption of bricks (]>. 1). In this broad 
sense, sand is used in pottery manufa(dur(! for the following 
purposes: 

1. 'I'o reduce the ])lasticity and shrinkage of the clays used, 
pm'ticularly in the manufacture of til(« and coarse hollow-ware. 

2. As a facing material, to improve the. appearance of the ware. 

3. As a constituent of the glazes af)plied to the surface of the 
war(i. 

4. As a coating for the floors of saggers and kilns, and to sesparate 
articles which might otherwises adlusro to and so spoil reach otluw. 

The sand uscel for redacituj plasticity and contraction of a clay 
should have the same ])roperties as those mentioned in Chapter 1. 
on the Use of Hand in lirklc-makimj, hut as oven a small proportiren 
of iron in the sand may have a harmful effect on the ware, it is 
usually necessary to employ a much purer .sand than is nisjehid in 
brick umnufacture. The sand used for rooting-tiles and some 
red-ware, on the contrary, must ermtain sufficient iron compounds 
to have the requisite red tint when burnt'd. Instead of white 
sand, very finely ground flint is commonly preferrtMl by manu¬ 
facturers of high-class jiottcry, as the silica in flint is amorphous 
and reacts piore readily with any fluxes than do the small crystalline 
particles in sand. In addition to ordinary siliceous samls, geyscrite 
(I. lij)) has been used in the pre])aration of hard china and electrical 
insuUtors. 

The sand used for reducing the plasticity and shrinkage of 
pottery must consist (exclusively of very small particles. It should 
heave no residue on an 8()-me.sh sieve, but should not contain a 
large percentage of material which will pass through a 200-mesh 
sieve or the ware will Ik* liable to crack. 

The sand to be applied to roofing-tiles to give them a sand-face 
or antique appearance i should be similar to that usi'd for the same 
purpose on brickfc (p. 6). It must, wh(in burned, have a suitable 
and pleasing colour ; the grains should be of medium size and 
■■ 189 
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should bo sufficiently angular to adhere well to the clay to which 
they are applied. , • 

For ghizen tlui sand should have tlu! same propcfties as those 
given in Chapter Nil. on the Uae, of Hand for ClUuss-making, as the 
glazes ap[)lied to pottefy, i)<)rcolain, etc., are of a similar nature 
to glass. 

For use as a “ dusting ” or parting agent to lx; placed upon the 
floors of kilns, saggers, etc., the sand should be sufficiently refractory 
not to fu.se and adhere to the ware,placed upon it; the grains 
•should Ixi rounded and not too sjnall. The high refractoriness 
requires the use of a high-silica sand, such as those used for silica 
bricks (p. 143) and glass (p. 194). The size and .sha])e of the grains 
shmdd be the same as in thos(! of “ parting sands ” used in the 
foundry (p. 105), though for ])otters" use a rather coarser sand is 
ofteik satisfactory. A sand which will leave no residiU! on a No. 2005 
sieve but is retained comf)lctely on a No. 2(X>0 sieve is usually 
satisfactory. 

Sources of Sand.— The purpos(^s for which sand is used in pottery 
are so varied that no one sand will do (spuilly lor all. When^ the 
red colour of the ware is important a red-burning sand must of 
course lx; uscmI. 'Plu^se are chiefly obtained from the same sourc(!S 
as the sands used for sand-faced bthhs (p. 7), though a local 
sand should always Ixs us(sl where this is possible. For mixing 
with clay, etc., to prixluce whitt! ware, a very pure sand or grouml 
flint must be ti.sed, as er-en as litth' as 0-5 per cent of iron oxide 
will “ stain ” tlu! ware. Such puie sands may Ix^ obtained from 
the same sources as those used lor silica brichs. Much of the sand 
used for this purpose has been obtained by crushing silica rockg 
from the Millstone (Irit formation at Mow (,'oj) and Riddulph, but 
many other rocks, such as tin? Lower Greensands of Leighton 
Buzzard, King's Lynn, etc., and most of the purer sands are equally 
suitable. 

Tt is s(4doiti wise to iise impure sands for white ware or high- 
class potterjq and although several patents hav(! been granted 
for the use of waste sand derived from washing china clay as a 
substitut<! for flint in the manufacture of pottery, stoneware, 
porcelain, etc., such patents hav<i little iwactical valpo. Sands 
from the same sources uiay be used in glazes and for separating 
the ware from the saggers, etc., in which it is burned. J 

Preparation of Sands. —The sands rased in pottery raanufaJturo 
arc generally used in their natural .state, the selection being confined 
to naturally suitable sands rather than to those which have been 
prepared in any way. When ncicessary, the sand may be washed 
(I. .384), dried (I. 401), and screened (I. 441). 

Testing. —The sands u.srxl by irotters are seldom tested prior 
to purchase. Actual use so rapidly reveals any defects, and the 
causes of these are u,sually so well known, thf.t testing is commonly 
regarded as unnecessary. Whefi unexplained ttefects arise, or 
when an improvement in the quality of the sand is desired, the most 
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important tosts are; (o) a chemical analysis (I.*237) wliieh will 
reveal the presence of^ny objectionable material; (h) a niieroseojiie 
examination (i. 241) which will reveal the natnni and shape of 
the grains; and (c) a fineness or grading test (I. 240) which will 
show the pro])ortions of tin; particles of variiius sizes. 



CHAPTER XIl 

THE USES OF SAND IN GLASS-MAKING 

Glassks are clear, transparent solids, ^ which are produced by the 
fusion of one or more materials. Their precise constitution is by 
no means clearly understood, and they may be either solid solutions 
of their various constituents or a homogeneous mixture of complex 
compounds. Each of these theories explains .some of the properties 
of glasses, hut neither is wholly satisfactory. 

The simplest form of glass consists wholly of a simple substance 
which may bo an oxide such as silica or boric oxide, or a salt 
such as .sodium silicate ; others are more complex atid are formed 
by fusing scvt^ral materials together. 

So far as the use of .sand is concerned, glasses may l)e divided 
into two kinds; namely, silica glass and alkali glas.ses. 

Silica Glass '■“ consists wholly of siliiai in the form of sand or crushed 
rock which has been heated to so high a temperature by means 
of an electric furnace or oxy-hydrog(m Hame that it has fused to 
a mobile li<)uid which takes the form of the mould in which it is 
melted or which may be “ blown ” or pressed to any desired shape. 
It is a special kind of glass used for ndrafdory purposes and under 
conditions where a glass is required to withstand sudden changes 
in temperature. It is employed in the form of rods, tubes, plates, 
crucibles, muffles, saggers, retorts, evaporating dishes, combustion 
boats, ignition trays, lamp-glasses, and for othisr purposes where 
high, and especially vaiiable, temperatures are encountered. It 
is also valuable as an electrical insulator at high temperatures, 
and is used for pyrometer tubes, thermo.stats, etc., and as a sub¬ 
stitute for platinum and other refractory metals. Some 'quartz 
glass is quite clear and transparent, but most of it is only transtacent, 
owing to the presence of large numbers of minute vesicles, many 
of which are filled with air. Zirconiu-quartz or Siloxide is a fused 
mixture of silica and about 1 per cent of zirconia, which increases 
its strength ; it is used for the same purposes as ordinary fused 
silica. 

^ Opaque glasses are better termed enamels, (p they consist of glass with 
an opacifying medium in suspension in tho glass.' ^ 

* Further inforhiation on silica glass or fused quarts'will be found in the 
author’s Refractory MateriaU; their Manufacture and Uses (GrifBn). 

102 



Gt,ASS RECIPES 193 

Alkali Glasses consist of a mixture of sand or crashed sdicfk 
rock, with i^her idaterials, Such as potash, limestone, soda, 
magnesia, baryta, zinc oxide, lead oxide, boric oxide, cte., which 
is fused at a temperature of about 1400° C., and forms, when cold, 
a clear, transparent “ glassy ” mass, which m,ay be either a solution 
of the materials u.scd or may consist of one or more complex 
chemical compounds. Such glasses usually consist of soda, 
lime, and silica in proportions corresponding to a composition 
which is usually interracdkte between NajO . Cat). OSiO.^ and 
SNa^O , 7CaO . SOSiO^. More complex glasses containing other sub¬ 
stances may correspoml to such formulae as CK^O , 2PbO . 2ZnO . 
2BaO , SeSiOa, or 3Naj(). SK/). .‘IPbO . :iCa() , SliSiOj. 

Sand may be used to the extent of about (iO per cent of the 
mixture of inabuials forming the b.atch, which, when melted, 
forms the glass. The following arc ty[iical recipes for dillercnt 
kinds of glass : 

Crown Glass.— Sand KM) parts, chalk 24 parts, sodium sulphate 
50 parts, charcoal 4 parts, cullet (broken glass) 200 parts. 

Window Glass (Sheet Glass).-- Hand 1(M) parts, chalk 28 parts, 
sodium sulphate 42 parts, cullet 100 parts, arsenic acid 1 part, 
charcoal .3 parts, manganese dioxide J jiart. 

Plate Glass.- Kami KM) parts, chalk 30 parts, sodium carbonate 

32 parts, potassium carbonate (i j)arts, cullet 100 parts, manganese 
dioxide | ])art,, nitre 2 parts. 

Flint Glass or Crystal. —Sand KM) parts, pota.ssium carbonate 

33 parts, rod lead 07 parts, manganese dioxide J part, pota-ssium 
nitrate 7 parts, cullet 100 parts. 

Baryta Glass. —Sand 100 )),arts, sodium carbonate 30 parts, 
barium carbonate 90 parts, red k^ad 05 p,-irts. 

Bottle Glass (Green).—Sand KM) jjarts, sodium sulphate 38 parts, 
chalk 33 parts, charcoal 2 p.arts, manganese dioxide J part, cullet 
50 parts. 

Bottle Glass (Brown). .-Sand 100 parts, sodium .sulphate 35 parts, 

chalk 34 parts, cryolite 10 parts, charcoal 2 parts, manganese 
dioxide 8 parts, cullet 50 parts. 

The Purpose served by Sand In Glass. —As most glasses behave 
like complex silicates, the silica in them plays the part of an acid 
radicK in a complex salt, and where sand is used as the source 
of silife, it plays the same 7 )art. Its action is purely a chemical 
one, aTld as in most cases the only useful constituemt in it is the 
silica, it is of the utmost importance that the projrortion of other 
constituents should be as low as possible. As silica is a poor 
conductor of heat, the smaller the particles the more rapidly will 
they become heated and the quicker will the glass te produced. 
Chemical reactions proceed at a rate which is closely connected 
with the amount of contact between the redacting particles, and 
consequently the ^uall^r the particles of sand" tlje more rapidly 
will the glass be produced. Largo grains of sand, which are not 
readily attacked by the metallic oxides present in the mixture, 

VOL. n • o 
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remain undisaolved in the glass, forming “ seeds ” or “ stones ” 
which impair the h'ansparency of 'the glass Und reader it useless 
for optical instruments. 

Sources ol Sands.—;Transparent fu,scd quartz is usually made 
from selected pieces of rock crystal, Norwegian quartz being 
specially useful for this purpose. The translucent fused quartz 
(“ vitrcosil ”) is made from fine! white sand of the same quality 
as that used for the best glasses. 

The sands used in this country foj making otlun' kinds of glass¬ 
ware were, prior to the war, largely from foreign sources, Fontaine¬ 
bleau sand being largely employed for the glasses of the best 
quality ; sands from Holland, Germany, and other places were 
also used. During and since the War, when these supplies were 
cut off, various English sands have been used for gla.ss-tnaking, 
but more recently foreign supplies have again Ixicome available, 
and many glass manufacturers have reverted to the use of the 
sands which they employed prior to 1914. 

The occurrence and distribution of glass sands in this country 
have been very ably investigated by I’rof. P. G. 11. Boswell,^ who 
has found the following sources : 

The geological distribution of glass sands is shown in Table 
XVIII. (I. 116). Glass of the best quality, such as fused silica, 
optical glass, plate glass, cut glass, etc., is made chielly from the 
Lower Greensand beds of Lynn, Leigliton Buzzard, Aylesbury, 
etc. (I. 118). The Greensand beds at Aylesford and Reigatc 
(T. 118) might also be used for good glass-ware, though at present 
they arc only used for bottles. The sands of the Tunbridge Wells 
(I. 121) and Ashdown beds (I. 121) are often very pure, but the 
transport of these materials is very difficult and costly, owing to 
their situation. The Estuarine beds of Huttons Ambo are some¬ 
times sufficiently pure for glass-making, and some other deposits, 
such as the Eocene sands of Hampshire! (I. 81) and the Triassic 
sands of Cheshire (I. 123) and Nottinghamshire (I. Sr>), might, if 
suitably treated, Ix! used for this purpose. Boswell also suggests 
that some of the Pocket Sands of Derbyshire and Staffordshire 
(1.134) might be used lor some optical glass and for re.si.stance glass¬ 
ware. The shore sands of .lura and Islay in Scotlobrd (I. 158) 
might also be suitable for high-class ware. Window glass and 
other glasses of similar quality are made from the GlaciaEsands 
of Lancashire (I. 115) and the Estuarine sands of Huttons<'Ambo 
(I, 103). The Eocene sands of Hampshire (I. 81), the Kellaways 
sand (I. 123) in Yorkshire at Burythorpo and South Cave (I. 123), 
and some of the Trias sands of Cheshire (I. 123) might also be 
used for window gla.ss if washed. 

Bottle glass is made from the Glacial sands of I^ancashiro (I. 115), • 
the Eocene sands of Hampshire (I. 81), the Thanct sands of Kent 

' British Besotirces of S({nds suitable for Olasa-n^^king, with Notes on 
certain Crushed Rocks and Hefractorfj Materials. Two Memoirs. Longmans, 
Green & Co., I#ondon, 1916 and 1917. 
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(I. 163), the Kollaways bed a^t Burythorpe and South C!av(' in 
Yorkshire, tlu^ Estuffrine sands of Huttons Ambo (1. 103), the 
Triassio sands such as those at Spital (I. 123), and various other 
less important localities. Bottles of l)etter (quality are made from 
the Lower Grecmsands of Ayk^sford and Keigate (1. 118). In 
Ireland, shore and dune sands (I. 157) are used, those found at 
Ardara (Co. Donegal), Ballyeastle (Co. Antrim), (ktalisland (Lough 
Neagh), the shores of the river Foyle, Millisle (Co, Down), Portrush 
(Co. Antrim), Ro.sslare (Co. Wicklow), Sandymount Strand near 
Dublin, Silver Strand neai' Wicklow, Sutton lu'ar Dublin, etc., 
being very .suitable. Some Seotti.sh dmu! and shon; sands have 
also been woi’kial for bottle-making (I. 1.58). 

Various crushed ro((l<s have also been suggested by Boswell as 
suitable for glass-making. He n^gards the la-st of these as that 
from Mm^klsh Mountain (I. 140), whi(!h will give a colourless glass 
without any washing and may prove to be very valuable in the 
future. Otlusr erushed rocks suitable for glass-making oeeui' in 
Ireland at Achil Island (1. 140), Port-a-<4oy (I. 40), Tinahelj' 
(Co. Wicklow) (1. 39), etc.; and some Scottish rocks, such as the 
sandstones of the Millstone Gn't (1. 153), CVirbonifcrous liinestona 
(I. 1.50), and Calciferou.s Sandstone,s Series (I. 151), and the Brora 
sandstoruis of the Middle Oolites (1. 58), a[)pear to be suitable. 
Various other d(!])o.sits have been sugg(;.sted by Boswell for variou.s 
purpose.s ; further information coiuawning them will be foun'l in 
ins Memoirs.' Many of the sands in this country wliich cannot 
be used in their natural state would n.ake high-cla.s.s glass-ware 
if they were properly washed before use. 

Geyserite. (1. 175) from Germany has been u.sed for the manu¬ 
facture of glass, and it is stated that the use of 20-30 jaw cent of 
geyserite jrroducc^s gla,ss which is able to with.stand siuhhm changes 
of temperature. 

Chemical Composition of Sand.—The nature of the sand u.scul 
for the manufacture of various kinds of glass varies considerably 
according to th(( glass to bo made, but in all eases the sand consists 
principally of silica, and whilst it is generally in the form of a fine 
sand, it ma^ bo a erushed sairdstone, quartzite, or otluu' silica 
rock. 

Thu best sand which could lx; used for glass-making would 
consist entirely of silica, as the purer the sanrl the better will lx‘ 
the gla&s. As a general rule, however, the sand u.sed for the best- 
quality gla.ssos contains about 99-5 ptw cent of silica, but may con¬ 
tain as much as 99-8 per cent. Th<! best glass sands in the world 
are those which contain over 99-5 per cent of silica, such as the 
Fontainebleau sand (France), which contains 99-7 per cent of 
silica, Lippe sand (G(wm'any), containing 99-8 jkw cent, and the 
Berkeley Springs sands ^United StaUw), containing 99-65 per cent 
of silica ; some sai^s in this counVy are almost as good as this, 
as, according to Boswell, some of the Ashdown and Tunbridge 
^ Loc. cit. 
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Wells sands contain 99-5-99-8 per cent of silica, th« Lower Green¬ 
sand teds at Ayletbury contain about 99-S- to 99^--8 per cent of 
silica, at Bcarstead about 99-3 ^xir cent, at Leighton Buzzard 
99-6 per cent, and at I^n 99-2 per cent, whilst the Huttons Ambo 
sand contains about 99 0 per cent of silica. 

The r<K:k crystal used for making transparent fused quartz- 
ware must cfuitain at least 99*8 to 99'9 per cent of silica, because 
as little as 0-3 i>er cent of impurity will cause opacity. The purest 
glass .sands are u.scd only foi' the best quality, colourless ware such 
as fused silica, and for optical, crystal, and plate glasses. For 
commoner ware, such as window glas.s, bottle glass, etc., the 
percentage of silica nccal not bo so high, some of the sands used 
for the manufacture of dark green bottles containing only 65 to 
^ 75 per cent of silica. 

The impurities in glass-making sands are the same as in san.ds 
used for other purposi^s, but a very small proportion of iuqmrities 
will prevent a sand from being used for ghiss of high-class quality. 
The most objectionable impurities in sand to bi^ >i,sed for making 
glass-ware are alutnina, iron compounds, vegetable and other 
qrganic^ matter and, to a much smaller extimt, lime and other 
basiis. Sands for use in the manufacture of the b<wt glasses should 
not contain more than 1 per cent of all the.se impurities, and in 
most cases sands should be used with loss than half this percentage 
of impurity. 

Alumina ocetirs in glass .sands prinei])ally as orthoclase or 
plagioolase felspar, muscovite, and clay; tlu! two latter may be 
removed fairly readily by washing, but hdspar cannot be removed 
in this manner. 

In small proportions alumina is useful in .sands used for making 
glasses which are to be exposed to pressure or heat, such as thermo¬ 
meters, ampoules, gauge glasses, combustion tubing, etc., as it 
reduces the coellicient of expamsion and mcreascs the hardne-ss, 
brilhancy, tenacity, and strength, and renders the glasses more 
durable in use. On account of the reduction in the coefficient of 
expansion less <!are is necessary in the annealing process. Alumina 
also increases the surface tension when the surface of the glass is 
chilled, so that defects in the mould arc lc.ss serious in' the case of 
glass which is blown or pressed, whilst at the .same time thq latter 
is sufficiently plastic to acquire the required shape. When ajiimina 
is present in glasses containing much lime, it also tends to jifovent 
their devitrification and reduces the solubility of the glass in weak 
acids. 

Schott has suggested that alumina hinders the volatihsation of 
the alkalies at the surface of the glass, whilst Frink has found that 
glasses containing 3-4 per cent of alumina are less susceptible to 
the reducing action of the fire or to the^ formation of “ cords, ’ 
“ strains,” or laiuirtations^than those in which a\iiraina is absent. 

The chief disadvantages of alumina in glass-sands are : 

(o) It decreases the fusibility of the glasses. 



COMPOSITION OF SAND FOR GLASS-MAKING 197 

(6) It appreciably increases their viscosity at working tempera¬ 
tures, if more than 3iper cent of alumina is preijpnt. 

(c) Glassei^containing alumina do not mix readily with others, 

so that they should not be used as cullet on account of the tendency 
to form “ cords.” * 

(d) Where salt-cake is used and alumina is present, there is 
sometimes a tendency to a slightly blue colour, due to the formation 
of an aluminium compound similar to ultramarine. 

(e) As alumina usually qpeurs as clay or alumino-silicates, it 
is almost invariably associated with and introduces iron into the 
sand, which is usually undesirabk!. 

Hence, from the preceding notes, the presence of alumina is 
often useful, but in optical glasses it is unde-sirable, as it tends to 
alter the o|)ti(ral constants of the resultant mass, and in such glasses 
not more than 0-5 per cent of alumina should bo present. On the 
other hand, the .sands use<l for making dark glass bottles often 
contain about 3-(i per cent of alumina, and fragments of Bridgt'water 
bricks containing lti-4 per cent of alumina are sometimt^s added to 
increase the tenacity of the glass. 

Iron compounds are undesirable in sands used for glass-making, 
but their pre.senee is allowable to an extent which varies with the 
nature of the glass to be made. They usually occur either (a) as a 
film coating the grains of quartz and otluir minerals pr<‘sent, or 
(ft) as grains of magnetite, ilmenitc, etc., dissennnated through the 
sand. 

The (K-,currenco of iron oxide in sands is more fully described in 
Vol. 1. Chapter IV'. 

The effect of iron oxide in .sands for makuig glass is to give the 
resultant glass a greenish or brownish colour, the depth of whic^h 
depends largely, but not wholly, on the proyiortion of iron present. 

Table LIX., due to Peddle, shows the effect of added iron oxide 
on the colour of the glass; the figures are, of course, only correct 
in the absence of a decoloriser: 

Taut.k LIX. -Efskct of Ikon Oxide on the Coi.oi;r or (U.ass 


i 

» 


Colour oJ (Jlusis. 

i''prri(: OxUle adilptl. 

Colourless. 

Loss than 0*02 per cent 

Nearly colourless 

0 02-0()r) 

Faintly i?rcen .... 

()U 5 - 01 (> 

Yellowish green 

01 -o:i 

(Ireen. 

o-:i .1-0 

Dark green .... 

10 -2-0 




As the sand itself oniy forms about two-thirds of the composition 
of the batch or mixture used for Aaking glass, it •will be seen that 
colourless glasses can only be produced from sands containing not 
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more than 0-03 per cent of iron oxide, this proportion being reduced 
to 0-02 per cent in the resultant glass. In .using Table LTX. to 
determine the proportions of iron oxide allowable it/'the glasses of 
various kinds, it should be remembered that the use of a de- 
coloriscr such as manganese dioxide, nickel oxide, or selenium is 
permissible in many branehes of glass manufacture, so that rather 
more iron is permissible in the sand than would otherwise be the 
case. 

The best-quality optical glass should be perfectly colourless and 
the sand used in making it should noV generally contain more than 
0-03 per cent of iron oxide, whilst optical glasses containing barium 
and zinc eomj)ounds should preferably be made from sands contain¬ 
ing not more than 002 per cent of iron expressed as ferric oxide. 
“ Crown ” optical glass, on the contrary, is often made from sands 
containing up to 0-4 per cent of iron oxid(\ Crystal glass, which 
is used for cut-glass work, should contain les.s than 0 04 per c(!nt of 
iron oxide. Plato glass should contain not more than 0 05 per cent 
for the best q\ialities, though poorer qualities may contain up to 
0-2 |)er cent. 

Sands for mirror glass .should contain not more than 01 per 
cent of iron oxide. For laboratory glass-ware a specially low 
percentage of iron oxide is not quite so important, and up to 0 05 
jx;r cent is permissilJe. 

Bottle-glass samls may have a very variable proportion of iron 
oxide, which, according to the colour of the bottles desired, rna}^ be 
between 0-5 and 7 0 per cent, though about 1-5 per cent is regarded 
as the usual limit. 

Lime and Alkalies .—The presence of lime and alkalies Ls usually 
und<!sirable in glass .sands, though their presence does not often 
cause serious trouble. In optical glass, it is preferable to use sands 
which do not contain more than a total of about 1 per cent, as it is 
then pos.sible to add just the, substances requireil to make the glass 
without the unwished-for effects of other materials on tlu^ optical 
comstants of the glass. In sands u.s<sl for making other kinds of 
glass, the presence of lime and alkalies is not u.sually serious uidess 
they are assoeiated with iron compounds or other colour-producing 
substanc<!8. , 

Magnesia in more than unavoidabty small proportions is always 
undesirable in glass-making sands, as it tends to make tlu^ glass 
viscous and “ stringy ” ; occasionally magnesia compound^ form 
insoluble fragments known as “ stones,” consisting of silicates or 
alumino-silicates of magnesium and lime, which do not fuse at the 
highest temperature attained in practice. These “ stones ” may 
be identified under the microscope, and should be avoided as far as 
possible. 

Organic matter should not be present* in the sands used for 
glass-making, as when the various material's are Ixiing heated and 
fused the organic matter chars and forms black spots which are not 
readily burnt out, though they can sometimes be oxidised by the 
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addition of nitre to the batch. A sand which is Otherwise suitable 
may sometimes be freed from (jrganie matter by wa.shing. 

The moislXre content of a sand to be used for glass-making is not 
often important in the case of the cheaper kinds of glass, and in 
some cases wet sanil is used. For the best qualities of glass, however, 
it is usually desirable to employ only dry sand, especially where 
the composition of the glass batch iiiiist be made up very accurately, 
A small pnqjortion of “ combined water ” (I. 182) may 0 (a;ur in 
some of the minerals present, such as clay, mica, etc., but this is 
usually of minor importance.* 

Mineraloglcal Composition. - A sand to be used for glass-making 
should consist almost wholly of colourless grains of pure quartz. 
A very small percentage of fehpar (1. 184) may Iki i)ermitted, on 
account of the alumina it contains, but it mu.st never be large enough 
to produce turbidity or opacity. 

Clay (I. 182) is undesirable, and if present should bo removed 
by washing the .sand. 

Heavt/ mincrah (I. 2011) are particularly harmful, as they tend 
to introduce iron compounds which spoil tlm colour of the glass. 
In sands used for the poorer qualities of glass, they may be present 
to a small extent without doing much harm. 

Soluble salts, particularly sul[)hatcs, are very objectionable in 
sands used for the manufacture of the Ixitter qualities of glass, 
because they tend to make the glass turbid or oven opaque and 
reduce its resistance to the weather. An excess tends to form a 
floating scum during the melting and hinders the classification or 
“ fining ” of the glass. 

The shape of the grains of ^fand used in glass-making is not of 
great importance, as both rounded and angular grains may be 
satisfactorily employed. The only advantag(! jxjssessed by angular 
grains is that for the same weight of sand they have a greater 
surface area than rounded grains, and so melt more quickly and 
should require less fuel; the difference is, however, scarcely 
perceptible. 

The Fontainebleau, Dutch, and moat of the British sands suitable 
for glass-making are all fairly angular ; the Worksop sands, on the 
contrary, ponsLst largely of rounded grains. 

• Size of Sand Grains.—Wlum a sand is to be used for glass-making, 
the ipzo of the grains is not so imjwrtant as their uniformity, provided 
the ^nd is sufficiently fine. The manufacture of glass is essentially 
a chemical reaction in which the sand is one of the chief ingredients. 
As all chemical reactions proceed most smoothly and rapidly when 
the various reagents are in the most finely-divided state, it is obvious 
that the smaller the particles of sand the more suitable will they 
bo for the manufacture of glass ; there is, however, a limit of size 
below which mechanical difficulties occur. If the sand were ground 
to a fine dust, a considerable part of it would bo drawn out of the 
melting pot or tank by the draught of, the furnace, and the com¬ 
position of the batch remaining behind would be thereby disturbed. 
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In addition to this, there is the great cost of grinding sand to dust, 
a. cost which must be avoided as faijas possiblj) in the manufacture 
of the commoner l^inds of glass. Another matter /^hicYi has in¬ 
directly an important bearing on the size of the grains of sand used 
in glass-making is the fact that the smallest grains usually contain 
the chief part of the impurities in the sand, and by separating these 
very small grains a great iinprovement in the purity of the residual 
sand is effected. The reason why some glass manufacturers have 
reported that the smallest grains are unsatisfactory appears to be 
the presence of impurities in the sanrf rather than the smallness of 
the grains. A further disaelvantage of very fine sand is that any 
surplus tends to remain in .su.spension in the glass instead of settling 
readily during the “ fining ” process, and consequently a tinbid 
glass is produced. 

For most kinds of ghuss the grains of sand may be of any size 
less than 0-025 in. in. diameter, but the practical advanta^s, 
especially as regards the increase in the purity of the sand, which 
arc secured by removing the smallest particles, are so great that it 
is not usually desirable to (uiiploy a sand containing particles less 
than 0-005 in. diameter. Where a narrower range of size is possible, 
either as a result of washing and .Hcreening or because an exception¬ 
ally uniform .sand is available, it is still better to use a sand in which 
the largest grains do not exceed 0-012 in. diameter and the smallest 
ones are not less than 0-005 in. diameter. The use of particles 
larger than 0-025 in. diameter is undesirable, as they melt more 
slowly than the smaller grains and tend to leave ■“ seeds ” or un¬ 
melted particles in the finished glass. 

Whatever limits of size of the sand are adopted, it is most 
important that all the grains should he as equal in size as possible. 
A uniform siind will melt more quickly and will produce a more 
homogeneous glass than one containing grains of numerous sizes, 
especially where stirring the molten glass is not permissible on 
account of the danger of contamination. Where the cost is not 
prohibitive. Peddle has suggested that a sand used for glass-making 
should consist of grains between 0-009 and 0-012 in. diameter. 

Some of the best glass sands available conform very closely 
to the limits just mentioned. One of the most widely, used, the 
Fontainebleau sand, has, according to Peddle, 79-0 per cent of 
grains between 0-009 and 0-012 in. diameter. The same investigator 
has stated that the sands of the Middleton bed of the Lynn^sand 
and the Huttons Ambo sands are amongst the most uniform glass 
sands in the country. Table LX. shows an interesting comparison 
between various washed sands. 

It will bo seen that Lynn and Huttons Ambo sands are almost 
identical with Fontainebleau sand, and for the range 0-009-0-02 in. 
they are rather better as regards texture 'and melt rather more 
quickly. _ i 

Fused Silica-vm'e .—^Thq silieaf'rock used for mcking transparent 
quartz-ware is generally ground to the form of a dust or extremely 
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Table LX.—Mechanical Composition of Sands (Puddle) 
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Dutch. 

Worksop. ! 

Over 0 02 

0-1 

o-o.") 

0-1, 

o:i 

0-5 

5-H 

O-Ol 

10 

0 (15 

9 0 

0-0(»»-0012 

70-6 

77-9 

48-8 

55-5 

7-2 

52-5 

78*4 

59 *7 

74-8 

20-0 

0-009-0 02 

81-5 

92-1 

50-7 

55-7 

7-0 

H9-2 

910 

82-5 

78-0 

7.7-7 

0-005-0 02 
Less than 

90-8 

99-7 

1)8 1 

99-0 

95-5 

90-0 

99-9 

90-(; 

99-7 

89-8 

0 005 

0-05 

0-2 

l-S 

0-7 

4-4 

0-2 

0-05 

2-4 

0-2 

1-2 


fine powderso that it can be inellod viB'y quickly. Thiac is practically 
no limit to the iinoncss allowable, the conditions of manufacture 
being dilforent to that of ordinary glasses. The sand used for the 
less transparent fused silica-ware made in an clectfie furnace should 
con.sist of grains of the same size as is used for glass. 

Speclflcatlon of Sands for Glass Manufacture.—For the jirodue- 
tion of the best qualities of glass, only the purest silica sands should 
be used. The iron, expressed as oxide, should not i^xia'cd 0'02 
per cent, the alumina should not exceed O'O.'i [ler cent, and all other 
oxides should not (Lxeeed 05 per la-nt. The grauis should be 
colourless and as uniform as possible in size. Grains larger than 
0-012 in. diameter and those less than 0-(X).'5 in. diameter should 
be absent. 

For glasses of inferior quality the restrictions neixl not lx; so 
severe, and whore dark-ixdoured glasses are to lx; [irodinxxl low- 
grade sands rich in iron may bo employed. Alumina in excess is 
harmful, and should be avoided. 

Preparation of Glass Sands.—-'riie nature and amount of priqjara- 
tion necessary for producing sands lit for glass-making depends 
chiefly on the kind of glass to be made. Common green bottles 
are often made from sand which is simply removed from the pit 
and weighed for use, no treatment being considered necessary. 
For chemical ware, plate and sheet glass, the sand should preferably 
be '.gashed and dried. For crystal glass and colourless glass of 
medipm quality the sand should be washed, dried, and sieved 
free from dust, whilst for the best quality of optical glass the sand 
should be first washed and dried, and then screened so as to exclude 
both very coarse and very fine material. 

Orinding is sometimes practised in the preparation of sands 
for glass-making, and is essential where a crushed rock is employed. 
The disadvantages of this treatment are, however, that it increases 
the cost of productioof there is a probability of spoiling the glass 
on account of tile introduction Jf iron from the grinding plant, 
moisture is liable to be absorbed and may cause bad mixing, and 
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the fine particles may produce a, non-homogeneous melt. These 
difficulties can be overcome, but it Js prefera^e, where possible, to 
use a sand which does not require crushing. 

Rocks which need to bo crushed to reduce them to sands are 
usually treated first in*a primary crusher (I. .346) and then in an 
edge-runner mill with a stationary solid bottom pan (I. 375), or in 
one of the fine-grinding machines described in Vol. I. Chapter VIII. 
A very ingenious mill used in America consists of a stationary 
solid pan, with two screens in the sjdes of the pan and opposite 
to each other. Water is fed on cither side. The tailings are 
returned to the mill at intervals, whilst the material which passes 
through goes to the washers. It has been claimed that a mill 
of this kind, with a pan 9 ft. diameter and rolls with a 12-in. face 
weighing .5000-6000 lb. each, will treat 100-250 tons of material 
every 10 hours. 

Screening is very desirable in order to produce a sand of uniform 
graile. The coarse particles may be separated by means of a 
coarse screen, whilst either a fine screen or some method of washing 
may be employed to remove the finest grains. Sands which are 
screened are considerably improved both in physical texture and 
in chemical composition, as much of the impurities present are 
removed with the finest particles. According to Peddle, the effect 
of screening a sand is to improve the colour of the resultant glass 
by approximately one shade (see 'J’ablc LIX. on p. 197) by the 
removal of the iron oxide, but the actual amount removed in this 
way must of course depend largely on the nature of the iron com¬ 
pounds present. 

The beneficial effect of screening in removing some of the 
impurities in the sand should not be overlooked, as much of the 
iron, titanium, and aluminium compounds, as well as other heavy 
minerals (I. 203), may be removed by this means (Table LXI.). 

Tablk LXI.— Effkct of Sckeeniko on Pokity of Sand* 



A. 

H. 


Before 

Screening. 

After 

Screening. 

Before t 
Scrcenlne. 

After 

Screciilna. 

Iron oxide .... 

0-0068 

0-002 

0-0114 

t 

0-0^9 

Titanium oxido . 

0117 

0 024 

0-024 

0-00434 

Alumina .... 

0-276 

0085 

0-366 

0-106 


• Annml Hej/ort of the State Oeologist for the Year 1006, (Jeol. Survey of yew Jereey, 
pp. 77-96. 


It is frequently found .that If a glass-makinf sand is screened 
so as to reject all particles smaller than 80-mesh, the quality of 
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the resulting glass is greatly iijf^proved on account of the absence 
of the impurities wl^ch were clpefly present in the fine material. • 

Washing by far the most effective mctlJod of improving the ' 
quality of sands employed for making very pure glasses, ns the 
•remo.val of iron compounds, clay, etc., is’largely effected by this 
means. 

Much of the iron (lomjjounds occur among the smallest grains 
of sand, and in many leases tin; proporlion oi iron compounds may 
be nxluccd by mondy rcmioving the linest partii'les of the sand, 
eg. by wasliing. This is dlie to the fact that the iron is often 
associated with any clay which may be present, so that when the 
clay is removed the iron is also partially separated. Even with 
regard to the iron com|)onnds not associated with clay, it will be 
found that, when in the form of grains disseminated through the 
sand, they arc almost invariably much liner than the (piartz-grains, 
so that they ari^ largely removed by washing away the linest jxniion 
of the sand. Hoswell has found that the iron, e.\pr(w.sed as ferri(t 
oxide, in the lA'ighton Buzzard sands may, l>y suitabh' washing, 
be reduced from () lt) to about l>0(i per (amt, whilst that in the 
Huttons Ambo sand lias been reduced from 013 to 0 0-t ])er cent. 
The jiroportion of iron, alumina, and other compounds in sands 
may also be reduced considerably by this treatment. According 
to Peddle, the effect of washing a sand is to improve the colour 
of the resnltimt glass by two shades (sec Table Ll.X. on p. 107) ; 
whore siTccning and washing are both employed, the rc.sultnnt 
glass may be three, shades ligliter than that made from unwashed 
sand. These figures are only aiiproximate and must not be ap|)lied 
too rigidly. 

Where a .sand (contains a very adherent film of iron oxido or 
limonite, washing may not improve it to any great extent; in such 
cases, if the |)roportion of iron oxide is high, the sand should bo 
rejected. 

Washing also has the advantage of removing some of the finest 
particles (ff clay, organic matter, salts, etc., which might cause 
trouble when melted with the rest of the sand. The effect of 
washing in improving the grading of a glass sand is shown in 
Table due to Boswell. 


Tabi.k L.XII.— Effuct of W.vshino on Sand 


5 

Sizes of Particles. 

(1 04<i to 
0 02 ill. 

(J 02 to 
001 ill. 

001 to 

0 004 in. 

0-004 to 
O-iMKll in. 

Lchk tlian 
0 0004 in. 

Tonii 

Sand 

Grade. 

Port-a-cloy silica: 
Untreated . 

2(> 

Tio-ii 

29-8 

81 

3-9 

88*0 

Washed 


4»-7 

■14-7 

4-5 

11 

1)4-4 

Huttons Ambo sand : 







Untreated . . i 

4*4 

711 

200 

. ' ■*' 

2-!> 

95-5 

Washed i 

1-2 



Oo 

0-8 

987 
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Tho methods of washing which.may be employed are described 
in Vol. I. p. 384. jWashers of the» inclined jywew conveyor type, 
such as the Freygang separator (I. 390), are very c^Etisfactory for 
glass sands. Care should be taken not to allow the wash-water 
to flow away too rapidly or much valuable sand may be carried 
away and lost. 

Chemical purification is sometimes useful, the methods employed 
being those described in Vol. 1. p. 433. Boswell has mentioned an 
instance in which the iron content ojj the sand was reduced from 
0-2 per cent to 0-03 per cent of iron oxide by treatment with nitre 
cake. Chemical purification is only valuable for sands which are 
to be used in the manufacture of high-class ware, as for common 
glass the cost of treatment is ])rohibitive. 

Magnetic separation (I. 428) may sonudimes bo employed with 
advantage in purifying sands for use in special glasses, especially 
for tho removal of metallic iron, magnetite, and other magnetic 
minerals. Rocks which have to Im crashed to powder before use 
should generally be subjected to a process of magnetic separation, 
as they are liable to be contaminated w'ith metallic ii on during the 
process of grinding. 

Drying is necessary in the (uisc of sand for the bo.st qualities 
of glasses, but wet sand is sometimes emj)loyed for making inferior 
grades. The extent of drying which is necessary depends on the 
nature of the glass-ware to be made. iSands are often merely 
drained, no artificial heat being used to dry them. Stcam-pi|)o 
dryers {I. 409) in which the material is discharged on to hot pipes 
are sometimes used. Rotary dryers are very useful whore tho 
output is sufficiently great; for glass-making sands, enclosed 
rotary dryers such as the Buggies Coles (I. 410) or Manlove AUiot 
type (I. 411) are preferable to those in which flames and waste 
gases come in coi\tact with the sand, as there is less contamination 
by the flue gases. Stack dryers (1. 408) have also been used. 

Testing Sands for Use In Glass-making.—The principal tests 
required to determine wdiether a sand is suitable for use in glass 
manufacture may be divided mto two groups : 

(A) Tests of Purity : » 

1. The colour of the sand should bo examined both in its 

raw and calcined state, as this ivill give some indieftion 
of tho purity of the sand. # 

2. A chemical analysis (1. 237) to show what impurities 

are jiresent and particularly the percentages of iron 
oxide and alumina. For many purpo.ses an analysis of 
• the residue left after treating the sand with hydrofluoric 
and sulphuric acids (which remove the silica as a volatile 
fluoride) is preferable to an ordinary chemical analysis 
(see I. 2Q3). < 

3. An elutriation test (I. *252) to determine the proportion 

of clay present. 
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4. A raineralogical analysis (1. 256). by moans of a micro¬ 
scope, tOttcleterminc-the nature of t^e impurities present. 

(B) Teats of fexture : 

1. A microscopical examination (1.^241) to show the shape 

of the grains. 

2. A sizing or grading test (I. 240) to show the proportions 

of grains of various sizes. 



CHAFl’ER XIII 

THE USE OP SANDS AS ABRASIVES AND POLISHES 


Abrasives are used in innumerable industries for grinding and 
polishing leather, metals, hides, ete., for cutting, grinding, and 
polishing glass and stone, polishing and smoothing wood, ivory, 
and many other articles. In giuieral, the grinding, smoothing, 
or polishing action is due to the rubbing of a hard abrasive material 
uxwn the softer article, with tlui result that the irn^gularities in 
the surface of the latter are worn dowu and smoothed over, until 
a sufficiently smooth surface is produced. In the final stages of 
polishing the abrasive may not be miudi, if any, harder than the 
article to be jralislusl, and in some cases the abrasive is quite soft. 

All abrasives are of tlu! nature of either natural or artificial 
“ sands,” though some of them arc not commoidy included under 
this term. They are ajqdiod in various ways, the chief of which 
are: 

(1) In the form of a loose, incoherent material, which may be 
either dry or wet, which is [daced on some hard surface, such as 
a plate of iron or glass, and the material to be ground is rubbed 
upon it mitil it is .sufficiently abraded, fresh satid being added 
as may bo required during the process. This method is employed 
for grinding and polishing stone, metals, wood, ivory, leather, 
glass, etc. The powder is sometimes sijrinklcd on a wheel covered 
with suitable support such as felt, and the article to bo polished 
is applied to the prepared surface of the wheel. This arrangement 
is spcicially used for very fine polishing and finishing metals, su(^ 
as the buffing of silver piate, etc. 

(2) In the form of a loose, incoherent pow’der, the particles of 
which are projected with some force (e.g. in a blast of air lit a 
pressure of 1-4 lb. per sq. in.) against the surface of the glass, stone, 
metal, etc., to be polished (Fig. 11). The innumerable impacts 
of the grains of sand against the surface, each impact producing 
a minute depression, gradually wears away the irregularities on 
the surface of the artide and so smooths or polishes it. If, on the 
contrary, a polished surface is treated in this way it is immediately 
roughened. Thus, by merely allajving the sand tq, play on a sheet 
of glass for a moment, the "glass is rendered opaque wherever the 
sand can strike it, and if the exposure were to be prolonged, holes 
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would be cut right through the glass. The advantage of this 
process, especially with brittle materials like, glass, is (hat the 
erosion is carnbd out by an immense number of extremely small 
blows, each of which has no harmful actiop on the material as a 
whole, so that there is no danger of breakage such as would occur 
were the force applied in a more concentrated form, as in chipping 
glass or stone. This method of using abrasives, termed mrul- 
blaating, is largely used for producing ground and fro.sted glass, 
for decorating sheets or objesets made of glass with ornamental 
designs, labelling bottles, etc. Sand-blasting is also used for clean¬ 
ing the scale off castings, and is very effective, a,s the abrasive 
penetrates all the recesses of intricate castings without disturbing 
the shape. It is also useful for cleaning eastings, prior to galvanis¬ 
ing, tinning, or plating ; formerly, this was done by pickling in 



Fi(i. 11.—Diagrain of sand btvat appnmtua. 


acid, but sand-blasting is far more eff<!ctivc and quicker. A sand¬ 
blast may be u.sed for re-sharpening files, the sand being applied 
to the back of the teeth for about 3-5 rains., so as to cut away the 
mdtal and form new cutting edges. 

3^' In the form of a powder which is mixed with glue or other 
suitaldo adhesive and applied to the surface of strong |iaper, cloth, 
leather, etc., in such a manner that the grains of sand project 
from the surface of the material and form an abrasive surface. 
This method is employed chiefly for the medium and fine polishing 
of metals, wood, etc. For fine polishing, the paper or cloth may 
be mounted on the sides or rim of a wheel, which is then revolved 
and the article to be polished applied to it. 

4. In the form of a<block, wheej, disc, cylinder, ring, roll, plate, 
or cup, composea of sand particles united by means of shellac, 
rubber, clay, or other suitable binding material. The blocks may 
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be applied to the article to be abraded or vice versa, but the wheels, 
etc., are mounted on a shaft and rotated, therartiol^being applied 
either to their faces or edges. This method is lal^cly employed 
for grinding metals. , 

5. In the form of a polishing paste or liquid, consisting of an 
adhesive powder suspended in a suitable medium, with or without 
a detergent to iissist in removing any dirt or grease. This mode 
of using abrasives is largely employed for cleaning and polishing 
metal surfaces, the sand or its equiralent acting as a detergent 
as well as an abrasive, as in the metal polishes so largely used for 
cleaning brass, etc. It should be remembered that all polishes 
are not abrasives ; some contain no abrasive and produce a gloss 
or |X)lish by lilling any small hollows in the surface and coating 
it with a shining lilra of wax or other glossy material. 

6. In the form of an abrasive soap which consists of an ordinary 
soap mixed with abrasive sand, so as to increase its detergent 



McKiveu, Ih'iihy 7Iari-RrigQ8, Ltd., Sunbury-on-Thames. 
Fio. 12.—Al)rasivc wheels. 


properties. Many cleaning powders and “ dry ” soaps sold under 
fancy names are of this type. 

Abrasive Materials. —The following are the principal “ sands ” 
which are used as abrasives : 

Silica in various forms is used as an abrasive, either as a loose 
sand applied to paper or cloth, or as a compacted block such as 
a sandstone. In each case, however, the action is due t'o the sand 
and depends on the rubbing of the particles of quartz. Siliceous 
sand or powdered quartz is used for cutting stone, marble, or |lass, 
the sand together with water being fed on to the edge of a iaetal 
wheel which scrapes and presses the sand particles over the surface 
of the stone, etc., and so cuts through it. It is also used for grinding 
marble and other stones, glass, metals, etc. Sharp sand is used 
on a horizontal revolving iron plate for grinding terra-cotta, 
sanitary ware, and other ceramic articles, e 

The silt used in making Baih Bricks (I. 169) is a sandy material 
which is moulded into small bripks which ate bupied at a dull red 
heat and used for cleaning various domestic articles and for roughly 
polishing metals. 
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Siliceous sands are used (i.) loosely, (ii.) in the form of glass.- 
and sand-papOT for smoothing Wood, leather, ete., (iii.) mixed with 
soap and usetFIor scouring purposes, loose silver sand and crushed 
quartzites being also used for this purpose,, (iv.) sometimes in the 
form' of a sand-blast, for etching and decorating glass, cleaning, 
and surfacing metal castings, etc. (.see p. 200), but for the latter 
purpose the sand is sometimes replaced by finely-powdered steel 
shot, and (v.) in the form of blocks, wheels, etc., such as hones, 
oilstones, millstones, etc., chi(»fly for grinding metals. On account 
of its inferior hardness, sand is being displaced for many purposes 
such as stone-cutting, grinding, etc., by aluminous and carbide 
abrasives which are more effective and cheaper to use. Whilst 
sand can only be used to a sniiill extent directly as an abrasive, 
it is one of the chief ingredients in the valuable (airbide abrasives. 

Oilstone sand (I. 131), produced by grinding oilstones, is a 
siliceous abrasive w'hich is (chiefly used for grinding and polishing 
brass fittings, such as mathematical and optical instruments. 

Chert (I. 175) is sometimes used as an abrasive, though generally 
in the form of blocks and not as a powder. 

Bottenstone (1. 146) is a siliceous abrasive which is used for 
cutting and ijolishing glass, metals, etc., and also as an ingredient of 
tpetal polishes. It is also used for cutting colourless precious stones 
and for the first stages in polishing .stones such as jasper, agate, etc. 

Kiesehjuhr (1. 00) is a siliceous abrasive similar to rottenstono 
in texture ; it is used chiefly for polishing metals, glass, and pnicious 
stones, and for making metal polishes. It has also been employed 
as a dentifrice. 

Tripoli (I. 165) is a variety of kieselguhr and is used for the 
same purposes. 

Pumice, po^vder (I. 137) is a silkicous abrasive which is employed 
for cleaning wood, stone, and metal, for domestic purpo.ses and also 
for the rough polishing of glass, stones, ivory, and metals, and for 
smoothing oilcloth. It is occasionally used as a dimtifrice, but is 
too powerful to be satisfactory for this purpose. 

Alumina in certain forms is a very powerful abrasive and is 
very valuable. It occurs in nature as emery (I. 101) and corundum 
(I. 93) and* is also made artificially under various trade names, 
including odamite, aloxite, alundum, borocarbone, corutnn, oxyalumina, 
etc., Which arc much harder and so give bcitter service than the 
naturak abrasives. They are used in the form of powder for grind¬ 
ing and polishing glass, gems, metals, edge tools, parts of firearms, 
etc.; and in the form of blocks they are used as sharpening stones 
for edge tools of various kinds. Aluminous abrasives should 
preferably be employed for materials having a high tensile strength, 
such as steels and hardfbronzcs, as aluminous abrasives are not 
so likely to splinter when applied to such materials. Aluminous 
abrasives are also used for some sqftcr materials such as rubber, 
celluloid, etc. * * 

Silicon carbides and carboxides are very valuable abrasives 

VOL. II I* 
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produced artificially and sold under various trade names such as 
carborundum, crysto'on, carbosilite, dectrolon, ^brox, etc. (see I. 86). 
Carbide abrasives are now largely used, both in the<orra of powder 
and as wheels, etc., for surfacing, slotting, and moulding metals, • 
stone, and marble, for mitre-cutting, checkering, lacing, fluting, 
and beading glass, and for smoothing and bevelling the edges of 
lenses and for cutting and grinding hard rubber, fibre, etc. Glass 
is sometimes polished with very fine carborundum which has betm 
specially treated with hydrofluoric acid and mixed with oil. Carbide 
abrasives are preferable for metals of low ten.sile strength, such as 
cast or chilled iron, brass, soft bronzes, aluminium, copper, granite 
marble, leather, and wood, as they tend to splinter with materials 
which wear away only under groat pressure. 

Diamond is the hardest material known, having a hardness 
of 10 aocording to Mohs’ scale, and is an extremely valuable abrasive, 
especially for very hard materials. Diamonds are often mounted 
on the circumference of copper or east-iron wheels so that they 
project like the teeth of a saw, or they may be mounted on a metal 
slide which is given a reciprocating motion. They are used for 
cutting gem stones and other hard minerals. In th(! form of a very 
fine sand or dust, they are used with oil for cutting and polishing 
gems and precious stones. 

Garnet sands are chiefly used in the form of abrasive papers 
or cloths for smoothing wood and otlier fairly soft materials, as 
garnet is not so hard as qiiartz and artificial abrasives. Powdered 
garnets, embedded in shellac on the circumference of a wooden 
disc, have been used for ages in India, long before such wheels 
were known in Europe. They are also used in the form of blocks, 
bonded with shellac, by Indian coppersmiths and silversmiths for 
preparatory polishing processes. 

Iron oxide sometimes occurs as a sandy or earthy material, 
which leaves, when the coarser partick^s have b(!en removed, a 
material known as rouge, though the greater part of the rouge now 
used is prepared artificially. It is soft and capable of giving a 
very high polish to metals, glass, etc. Crocus marhs and glassite 
are other forms of iron oxide which are also employed as mild 
abrasives and poUshes. 

Crushed steel and angular grit are not strictly sands, thoUgh 
they have similar properties and so may be mentioned'4 here. 
Crushed steel is steel powder, whilst “ angular grit ” is preparq.l from 
chilled iron. They are largely used in America, one form of crushed 
steel which is made at Pittsburg being known as “ diamond steel 
emery.” “ Angular grit ” is largely used in place of sand for sand¬ 
blasting. 

Other abrasives which are not strict,'y sands, such as lime, 
whiting, chalk, putty powder (tin oxide), manganese dioxide, etc., 
are used for fine pohshing, but^hesc do noi come within the scope 
of this volume. ' ‘ 

Essential Properties. —^The principal qualities required in an 
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abrasive or polishing sand, in whatevetr form it is used, are: 
(1) Durability (2) n^jidity of iJction, (3) unifowuity of aetion, and 
(4) finish. 

Durability .—An abrasive or polishing si^nd is required to grind 
the surface of other materials and remove projecting particles 
from them, but in doing this the sand itself must not be worn 
away excessively, or the coat of using it would bo excessive. The 
durability of a satid under such circumstances depends upon 
(a) its hardness (p. 213), {b^ its toughness (p. 216), and (c) the 
proportion of the total area of the grains which are available for 
abrasive or jKjlishing purposes, as any alirasive material which 
remains embedded in the glue or other adhesiva^ or binding material 
is useless so far as abrasion is concerned. The advantage of using 
a loose, incoherent sand for grinding is that the whole, of the surface 
of the grains lakes part in the abrasive action, w'bereas in emery 
cloth or abrasive wheels, only the exposed part of the grain has 
an abrasive action, and when tliis is worn down the remainder of 
the grain cannot be used on account of its position. 

Rapidity of action is obviously of commercial importance, and 
the best abra.sivca and polishes do their work at the maximum 
rate. The factors connected with the sand which enter into con- 
{iideration arc (a) hardness of the grains of abrasive material 
(p. 213), (6) their toughnc.ss (p. 216), (c) shape (p. 216), and (d) size 
(p. 217). Other factors, not directly connechal with the abrasive, 
which influence the speed of grinding include': 

1. The speed with which the artick' to bo ground moves over 
the abrasive, or vice versa. This factor introduces the force of 
impact, which is dependent on (a) the pressure exerted in the case 
of articles rubbed on loose powders or applied to a wheel, (6) the 
peripheral speed in the case of whet'Is or the like, (c) the speed at 
which the abra,sive travels, (d) the grip of the adhesive on the grains, 
and (e) the number of impacts in a certain time, which is also 
dependent on the speed at which the abrasive and article move 
over each other in the case of loose powders or wheels, and the 
speed of travel in the case of a sand-blast. 

2. The pressure at which the article to be abraded is applic'd 
to the abrasive material, or vice versa. Where the pressure is high 
(within certain limits) the speed of grinding will be increased. 

3. *The rigidity of the grains, i.e. whether they are able to 
“ givL%” during service ; this factor varies greatly. In the case 
of a wheel or similar appliamo, there is a maximum rigidity, as 
both the article and the ^ains of abra.sive are rigid and unable 
to “ give.” In the case of a sand-blast the grains are able to slip 
to some extent, and when loose powder is rubbed on the article, 
or vice versa, the slip is considerable. 

4. The ease with w'hich the abraded particles escape from the 
seat of abrasion. ThiS is important, especially in the case of 
grinding wheels, as where such particles’do not escape, they clog 
or “ glaze ” the wheel and so reduce the speed of grinding. 
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5. The hardness or resistance of the material to be abraded, 
which may be so timilar to that 'of the abrasive .that- grinding 
proceeds too slowly to bo practicable. These latUSr factors mnst 
be dealt with in the m(>,mifacture of the abrasive wheels or in the 
design of the abrasive machines and are not functions of the sand, 
so that they do not come within the scope of this volume. 

Uniformity of action is very important, no matter whether the 
sand is used as a loose powder or in the form of an abrasive paper, 
block, wheel, etc., as if part of the abwsivo has a different abrasive 
power from the remainder the (effect on the material to be ground 
or polished will be irregular. Uniformity of action depends cbiefly 
upon (a) the hardness of the grains, (6) their toughness, (c) their 
shape, (d) size, and (c) grading. 

Finish .—A certain smoothness or “ finish ” is required upon 
articles which have been abraded. It varies according to the 
material being ground and the purj)ose for which it is to bo used, 
and is dependent upon many factors. Those connected with the 
sand are the (a) hardness, (6) shape, (c) size, and {d) grading of the 
abrasive grains, but many other factors also enter into the problem. 
Thus a grain of given size coming into contact with the article 
to bo ground or polished at a greater velocity will give a finer 
finish than another grain at a lower velocity. A low pressure 
will also give a finer finish than a heavy one. 

From the foregoing statements, it will be .seen that the principal 
requirements of abrasive sands are dependent on the following 
properties of the material: (1) Hardness, (2) toughness, (3) shape, 
and (4) size of grains, the latter including the grading of the 
material. 

The chemical composition of abrasive sands is not directly 
important in itself, but it may help to decide their value in compar¬ 
ing different varieties of the same abrasive. 

A siliceous sand for use as an abrasive should be as pure as 
possible, as the presen<'e of minerals other than quartz will result 
in a lack of uniformity in the abrasive action of the material and 
usually in a reduction in the hardness of the abrasive. In some 
cases, the impurities may “ smear ” the grains and prevent them 
from doing their work. . ' .t 

Pumice and rottenstone may sometimes contain felspar grains, 
which are very undesirable, as they cause scratches in the polished 
surface produced by the fine abrasive. This is partly due t*- their 
being larger than the particles of abrasive. This is referred to later. 

Aluminous abrasives may be judged by the percentage of free 
crystalline alumina they contain, as all other constituents are 
softer than alumina and, therefore, undesirable. Natural emery 
seldom contains more than 77 per cent oh.crystalline alumina and 
is, therefore, less valuable than artificial corundum, which may 
consist of practically pure crystjlline alumifia. _ 

Lime compounds are'very undesirable in hard abrasives, as 
they are much softer and reduce the efficiency of the latter. Lime 
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is, however, extensively used alone as a mild abrasive or polishing 
agent, particularly fpr silver. , , 

Carbide ifiirasives should be as pure as possible and should 
not contain any of the original ingredients in the free state, as 
this would rfuluce the abrasive ijower of*tho material as well as 
reducing its uniformity of action. 

Other abrasives should bo as pure as possible, so as to consist 
of one material only and so effect a uniform abrasion. 

When a sand or other ijbrasivc is iniwlo into a block, wheel, 
or similar article, the presence of other materials apart from the 
principal grinding agent may be essential and sometimes an 
advantage. Thus, whilst the iron oxide in emery reduces the 
value of the material as an abrasive it docs serve as a bond in 
making emery wheels, so that in some cases it is not entirely useless. 
As a general rule, however, the purer an abrasive the greater will 
be its value, as the required amount of bond can be added if the 
abrasive is to be used in the form of a block, wheel, etc. 

The abrasive “ sand ” must not be poisonous, or the workers, 
who can scarcely avoid inhaling some of the dust, may quickly 
contract a fatiil ilhiess. For this reason, the use of some powders, 
such as tin oxide (putty powder), is now prohibited. 

It is very desirable that an abrasive should not be affected by 
contact with water, as the latter is very useful in expediting the 
grinding and in catching much of the dust produced. It is usually 
the bond, and not the abrasive, which is affected by water. 

The mlneraloglcal composition of an abrasive sand, !is distinct 
from its chemical composition, is important, as substances of 
similar chemical composition often differ very greatly in their 
physical properties ; for example, corundum and diaspore would 
each show practically 100 per cent of alumina on analysis, but 
the latter is far softer than the former and of little value as an 
abrasive. 

Siliceous abrasives should consist, as far as possible, entirely 
of particles of quartz, except in the case of rottenstone, kieselguhr, 
diatom-earth, etc., where cellular silica is the predominant form. 
Aluminous abrasives should, as far as possible, consist only of 
crystals of corundum, whilst carbide abrasives should contain 
only crystals of silicon carbide or carboxide. Any other minerals 
present are usually impurities and in alt probability have a different 
hardness and are, therefore, detrimental. To ensure uniformity 
of action and a good finish, all abrasives should, as far as possible, 
consist of one mineral variety. 

Hardness.—An abrasive material must usually be harder than 
the article or substances it is required to abrade, though this 
statement does not ap|)ly to some fine iwlishes; it is true of all 
coarser abrasives. The harder an abrasive : (o) the more rapidly 
will it abrade materiiils softer tl^n itself, (6) the more resistant 
will it be to weaf, and (c) the coarser will be the surface produced, 
on account of the deeper scratches formed. 
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The hardness of an abrasive for any particular purpose should 
dfepend on the naturg of the material, to be abr^ed. Soft .materials 
such as wood, ivory, leather, etc., do not require All abrasive of 
great hardness, tho\igh hard abrasives may be more efficient. Hard 
materials such as steel, glass, gems, etc., require a very hard abrasive, 
otherwise the wear would bn excessive and the durability of the 
abrasive would be very low. 

The most valuable abrasive materials have a hardness between 
9 and 10 on Mohs’ hardness scale, f^iough many other abrasive 
materials of inferior hardness are employed. Table LXIII. shows 
the hardness of the ones commonly u.sed. 


Tabi.k I,XI11.."-Hardness of Abba.sive Materials 



Ilanliicss 
(Jfohs* Soule). 

Diamond. 

10 

Carboruiiflum .... 

«r) 

Artificial corundum . 

O'G 

Natural corundum . 

9 

Kmery. 

9 

Spinel. 

8 

Quart/ and Flint 

7 

(larnot. 

8-7-5 

Felspar. 

<>•0 


It will be seen that diamond is the hardest known abrasive and, 
on account of its hardness, is used for abrading the most difficult 
materials, such as glass and precious stones, which cannot be 
satisfactorily treated with any other type of abrasive. Carbide 
abrasives such as carborundum are the hardest artificial abrasives, 
but they are not so hard as diamond. Artificial corundum and 
other aluminous abra.sives are slightly inferior to carbide abrasive^ 
in hardness, but they are harder than the natural minerals, corundum 
and emery, and consequently are more efficient. Of the natural 
abrasives corundum and emery are the hardest and therefore the 
most satisfactory, whilst sand, garnet, and felspar are use^. for 
purposes where a softer abrasive is satisfactory. ^ 

The abrasives used for polishing, such as pumice, kieselguhr, 
tripoU, rouge, etc., are still softer, and cannot be used for grinding 
on account of their low abrasive power ; they are very valuable for 
giving a fine finish to surfaces which have been ground to a moderate 
degree of smoothness with harder abrasives^^ It is very important 
to test the hardness of samples of abrasive, especially natural 
abrasives, because tlie chemical composition pf an. abrasive does not 
necessarily prove that it .is satisfactory. Thu^, compared with 
Indian sapphire, which may be represented by a hardness of 10, 
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Canadian corundum has a hardness of 9-4, whilst some American 
corundu^p has a hairiness of 5'g. 

A factor tf^ich must be carefully considered in addition to great 
hardness is uniformity of hardness. Artificial abrasives are almost 
always uniformly hard, as there are practicitHly no impurities present 
if the original ingredients were reasonably jnire and the process of 
manufacture has been well arranged. With natural abrasives, how¬ 
ever, uniformity of hardness is not so readily obtained. The effect 
of grains of varying hardness is well illustrated by natural emery, 
which consists of about 50 per cent of alumina and 50 per cent of 
magnetic iron oxide. The alumina grains are powerful abrasives, 
but the iron oxide has a very low abrasive power and so clogs 
up the other particles. Corundum is a purer form of .alumina 
than emery and contains up to 96 per cent or even more of 
alumina. It is con.scquently a more uniformly hard abrasive. 
It contains, however, a certain amount of softer material such as 
felspar, hornblende, mica, garnet, c:tc., which reduce its value, 
though not to the same extent as emery, as the proportion is much 
smaller. 

Siliceous sands do not usually act very uniformly as abrasives, 
because some of the minerals they contain are very hard, whilst 
others are much softer. This is specially harmful in fine work, 
’as a strong particle of excessive hardne.ss may cause a deep scratch 
in a polished surface and so necessitate extensive repolishing. For 
this reason, they are not used to so large .an extent as .some of the 
artificial sands, which arc much more uniform in hardness. Thus, 
a siliceous sand consisting almost wholly of angular grains of pure 
quEirtz will be of more v.alue as an abrasive than a less pure sand 
even though the latter may contain harder constituents, because 
it will give a more uniform abrasive action, whereas the less pure 
material vvill be irregular, espe(a<ally in polishing. 

Pumice sand or powder tends to be irregidar in its abrasive 
qualities, on account of the presence of particles of harder minerals, 
such as felspar, etc., which scratch instead of polishing. 

Whilst uniformity of hardness has been emphasised in the 
preceding statements, there are certain cases where mixtures of 
materials of different hardness may usefully be employed, such as 
>Uiero a fine finish is required in one operation. The harder particles 
quicidy grind down the surface to the required extent, whilst, at 
the *|ij,me time, the softer particles polish it; natural emery, with 
its contained iron oxide, is an example of this, and it is very 
often preferred for precision work, such as gauge grinding, on 
account of the polishing effect of the iron oxide which it contains. 
Aluminous or carbide abrasives grind more quickly and more 
efficiently than natural emery, but they do not give the same finish 
to the work. 

Hardness is chiefly of importance in the,case of the coarser 
particles, as fine abrasives for pol/shing; etc., need not be so hard. 
Some have a hardness of only 3 or 4 according to Mohs’ scale and 
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aro, in fact, iuuc& softer than the articles or substances which they 
polish. 

It is always desiAiblo to use the fiardest abfasive |tjnsistent with 
the finish required and with cheapness. In some cases an inferior 
abrasive may bo preferred to a harder one on account of its cheapness. 

Grade of Wheels, etc .—The effective hardness of abrasives when 
made up into the form of a wheel is termed the grade of the wheel, 
and is designated by a letter, the softest wheels being H and the 
hardest T. Wheels of grade 0 are the hardest commonly used, 
those such as grades S and T being efiiployed for special purposes, 
such as removing the burr left by welding, the sharp lines from 
castings, etc. The grade of a wheel depends partly on the hardness 
of the abrasive and of the bonding agent, as well as on the speed of 
rotation of the wheel. Thus, a soft wheel will have the effect of 
a much harder one if it is rotated at a higher speed. 

Toughness.—The toughness of an abrasive is very important 
and has a groat inttuenco on the durability of the grains, both when 
loose and also when in the form of paper, cloth, blocks, wheels, etc. 
The toughness (apart from hardness) usually do]iends upon the 
internal stnicture of the abrasive. Carborundum has a laminated 
structure ; consequently, when great pres.suro is exerted on the 
crystals, they break sharply on account of their brittleness, so 
that if used on very hard materials, carborundum crystals wear' 
somewhat rapidly ; for this reason, they are not largely used 
upon materials of high tensile strength (p. 210). Highly siliceous 
materials aro o])en to the objection of breaking too readily, and 
this, combined with their comparative softness, renders their use 
somewhat limited. 

Corundum is preferable to carborundum because it is less brittle 
and does not fracture readily, but has a tough, granitic structure 
and preserves its sharp edges very satisfactorily and does not wear 
so rapidly as carborundum. Alundum, which is a form of artificial 
alumina, is one of the toughest abrasives known. 

The sudden chipping of the grains of abrasive is not merely 
inevitable, but even desirable, so long as it produces new abrasive 
surfaces to replace those which are rounded and worn smooth (see 
also Shape, below); it is the exces.sive amount of breakage which 
is objectionable. ” 

Shape.—Two factors must be considered with reference tq the 
shape of abrasive particles : (a) the shape of the original parjjcles, 
and (6) the shape of tho particles after considerable use. The 
grains when new must be sharp and angular, and they must remain 
so, as rounded grains lack cutting or abrasive power. For the 
same reason an abrasive will be of little use, even if it is tough, if 
it forms rounded surfaces when worn, whereas another abrasive, 
which may be loss tough, will be superior'if the grains break at 
intervals, yielding fresh sharp edges which ,pontinue the grinding 
operation without a!ny change In the speed of«grinding or any 
tendency to “ glaze.” One great advantage of carborundum which 
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counterbalances its brittleness is the fact that when the grains break 
they yie\(l sharp, ajigular poyits, so that the material remains 
perfectly frc(!!^utting and does not dctcriorat’e in use. Artificial 
abrasives are generally more uniformly angular than natural ones. 
Thus, natural emery and corundum are nof so uniformly shar[) and 
angular as artificial aluminous abrasives. 

Siliceous sands are less satisfactory than some artificial abrasives 
for grinding metals, as they tend to break with a eonehoidal fracture 
which has little abrasive action. 

The nature of the fracture is less important if the abrasive 
material is very hard. Thus, diamond breaks with a eonehoidal 
fracture, but as it is the hardest mineral known, its lack of angularity 
is not detrimental. For fine abrasives, composed of very small 
grains, the .latter should not be unduly angular or t hey will s(!rateh 
excessively; they should preferably be rather globular or sub- 
angular, with numerous facets or angular faces. 

Apart from the angularity of the jiarticlcs, the faces should be 
as rough as possible, as in natural cincjry, the grains of which are 
quite rough. This is particularly useful where the particles are to 
bo made into a block or wheel, as the binder adheres more tenaciously 
to them and a much stronger mass is produced. 

One of the difficulties with artificial abrasive sands is that 
Vhilst they are angular, they have smooth surfaces, hut their 
other advantages more or loss counterbalamec this defect. When 
required, the surface of the grains can bo roughened artificially by 
heating them with fused nitre cake (sodium hydrogen sulphate) 
and afterwards washing them free from this salt. 

Size.—The size of the abrasive particles is important. For 
coarse grinding, the grains may bo quite large, i.a. uj) to i-in. 
diameter, these giving a much greater speed of cutting than very 
small grains. For finer work, however, a material composed of 
smaller grains must be used, so as not to scratch the surface 
excessively. The fineness of the, abrasive, or “ grit,” as it is usually 
termed, must in each case be decided by the material to be treated. 
Coarse particles are more powerful abrasives than finer ones and 
are consequently used for ro\igh work, but they would scratch and 
spoil finer jvork. F'or reasons of cost, it is desirable to use as coarse 
ai» abrasive as circumstances will permit, so that the work may be 
done^as rapidly as possible. 

T\e depth of cut of an abrasive, and therefore the rapidity of 
the gnnding or polishing, depends largely on the size of the particles. 
Where the grains arc tmited to form a grinding wheel, the depth 
of cut may be as much as about one half the diameter of the grains. 
In no case would it exceed this, as when a grain projects more than 
half its diameter, it falls out so easily as to be useless. Under as 
nearly ideal conditions ^s possible, the maximum depth of cut when 
using a wheel of 80 gri^ would be O'OOl in.; wi^h 24 grit it is about 
0-003 in., the particles of abrasive bbing 0-006 and 0-021 in. diameter 
respectively. When the abrasive is in the form of a loose powder, 
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the depth of cut is much less, but it cannot be accurately 
estimated. , . , , 

In centrifugal grinding wheels, the coarsest peiftlissible grains 
are desirable, as the grains can then be set more deeply and firmly in 
the bond, and therefore* have a deeper cutting power, and the wheel 
has a greater strength ; it can, therefore, be revolved more rapidly 
without becoming soft. 

The coarseness of the grains of abrasive affects the number of 
impacts made by the particles upon ^e material to be abraded in 
a given unit of time. According to J. J. Guest, a wheel consisting 
of grains which will pass through a 60-mesh sieve has 1500 points 
per sq. in., though the Norton Co. give the number as 3300. A 
24-grit wheel will have, according to J. J. Guest, about 256 points 
per sq. in. 

« All the grains of an abrasive sand should, as far as possible, be 
of the same size, so as not to .scratch the material which is being 
ground or polished. In some cases, however, an abrasive may be 
required to consist of particles of various sizes, as in “ combination ” 
wheels made with a “ mixed grit.” (When the particles are the 
same size, the terra “ straight grit ” is applied to them.) A wheel 
composed of 24, 36, and 60 grit is termed a 24 combination grit. 
It is very difficult to produce good combinations of various grits, 
and the mixtures generally used are trade secrets, and are designated 
in various ways. The advantage of a “ mixed grit ” is that the 
coarse jjartieles grind the articles rapidly and the finer particles 
remove the scratches, polish the surface, and impart a liner finish 
than would otherwise be obtained. 

Fine abrasives for polishing should, as far as possible, be uniform 
in size, and for the finest polishes the abrasives must be very care¬ 
fully elutriated so as to ensure this. 

The fineness or “ grit ” of an abrasive is generally designated 
by a number which is the same as the number of meshes per linear 
inch through which the grains will pass (thus, a No. 10 grit material 
is one which passes completely through a sieve having 10 holes 
p(!r linear inch), or by a letter such as 00 or FF (sec j). 224 later). 

As has been already mentioned, in selecting the “ grit ” of an 
abrasive, due consideration should bo given to the purpose for 
which it is to lx; used. * 

Table LXIV., compiled from information supplied by some of 
the leading makers of abrasive wheels, shows the fineness reiguirod 
for various purposes when the particles of abrasive are united to 
form a grinding wheel. 

In the form of a loose powder, abrasives of almost any fineness 
may be used, but the coarser particles are not usually so satisfactory 
when employed in this way. In the fmjm of wheels, abrasives 
as small as 200-me8h may be employed, but smaller grains are not 
generally desirable.. In the form of hloclrs, such as sharpening 
stones upon which the artiele tolbe abraded is rubtied, fine abrasivps 
down to those designated as FFF may be used. 
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Table LXiV. —Size of Abrasive Grains kou (jrindino variol's 


^ Materials 

figures aro tho grit sixo, as (leliiied on p. :21S) 


PuriHjHe. 

Atundum.' 

Cr\>l«)l<in.' 

Carborimdiwi.’ 

ICmery.® 

Emery.* 

Finery.* 

ARrieultiiral iinple- 







inents, 




10-20 

10-21 

to 

Aluinliiiuni eaKtin^s. 







griudina . 


20-21 

10-21 




Axles, grimling ends 







of 

surfacing 



] 1 

20-30 

20-3(; 



Bolts, flnlstUng lieads 







of . . . 




30-40 



Brass <'astings, large 


2(1-24 

UV-24 

1C.-24 

J 1 (;•;«) 

30 

small 


24-30 

21-30 

30-30 

finishing 

Brlek, fire- 


I(i-20 

1 l-'lO 

00-100 



pressed . 

Bridge M’ork(wronght 


10 20 

14-10 




iron), jointing . 




10-20 



Bronxe eastings 


20-3(( 

2(i-30 

2(»-30 

10-3(1 

20 

Car boxes (f>rass) 
Carriage hubs, rim 




30-30 



bands of . 




30-10 



Cast iron eastings, 







large 


10-24 



10-24 


ssnall 

roughing 


20-30 

l(i-’24 




flnisliing 



00-HU 




surfiu'ing 

20-10 

10-30 

10-24 

l(i-30 



Chilled iron eastings 

20-30 

20-30 

20-24 

20-30 

10-24 

i(5 

Couplings, car . 
Cylinders, «!ast iron 

21 comb. 

3(i-'t0 

24-00 

11-20 



Dental instruments 
Dies^ cliilled iron 


20-30 

24-00 

40-100 



sU^el 

siirfaelng 

;hi-i;o 


30-30 

2(i-40 

3(5 


Drllis, twist (liaud) 

4<>-00 


4(.-do 


40-(5O 

40 

(maeldne) 

:{(i-()0 


io-.'.o 

to-'oo 

30-40 

to 

Drop forgings . 

20-30 


20-30 

20-30 

10-24 

30 

Files, edging . 

Frogs, grinding 
(lencral machine 

J 4-’| fl 


24-30 

3u-()0 



.shop grin<ling . 



20-30 

20-30 

2 1-30 

30-3(5 

Oernun silver . 

Glass, rougli (‘dge 




H(t-I20 



grinding . 
flnisii edge grinding 



I00-J20 

200-FFF 




Guards, pointing aixl 







sharpening 




24-30 



Hammers, csist ste<'l 

30 



30-30 



Hinges and butts 
Hollow-ware, inside 




20-30 



RrlnclinK, . 


30 


30 



thin edges . 
Internal grinding, 


21 


20-30 



y^)Ugliing . 
flnrshing 

Knlv¥L general 
leatiftr shaving . 

hi) 


r.()-Vo 

21-40 

00-100 

30-00 


„ splitting . 

24-30 



no 



mower, shariMudiig 
moulding bits, etc. 

40-«0 


sd-ho 

40-00 



planer (machine) 

30-40 


20-30 


24-30 

30 

„ (itand) 

40-00 


.30-.')0 




paper (machine) . 

36-40 


202-203 

30-30 

24-30 

30 

reaper, sliarpening 

Sd-IK) » 


24-3t( 

40-00 





30-00 



shoe 

00 



70-00 




* Norton Co/8 rocoraAcndatloijs. ** ('arUynnMliim Co.’h recoi>ituen(lHti(»ns, 

• Safety Eniorv WliWiI Co.’s recoiimicndatloiw. * AnM*rii*jin Kiuery Wheel Workers’ Table. 
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Table LXIV'^. —Continued 


.—,__i_. 


Purpose. 

Alimduni.^ 

Crystolon.' 

(‘arlHjrutidum.* 

Emery!^ 

Emery.* 

Emery.* 

liirthe centres . 

Lawn niowers, 

4d-120 


60-80 • 

00-80 



Hliarpenins 




30-00 



Malleable iron cast* 







Inea, InrtR' 

1-1-20 

10-20 

12-10 

10-20 


16 

snmll 


20-30 

JO-24 

24-30 


20 

Marbh', copini; 


30-40 



llnishliuc 


1.50-P 

180-EF 




muulditiK 


4 





routtliing 


16-10 

4(i-50 




sawing . 

.Milling cutters 



36-40 




(liinohlne) 



j r.o-«i 


46-80-J 
■16 

no 

(hand) . 

iiigh 8i)ecd steel . 

40-(;() 



46 

sharpening . 



00-100 




Nickel castings 

Pearl grinding, 

2(i-2 1 

20-24 

20-21 




roiigldiig . 


30-50 

30-.50 




flnlsliitig 

Plough bodh'S (c*ast 


UJ0-15U 

HHJ-150 




iron), HUriaeliig 
(chilled Iron) „ 


24 

10-24 

2(i-3() 

16-21 


(steel), jointing . 

2(i-2 ( 



20-21 



(steel), surfacing . 

1(1-21 


J(i-24 



20 

points (chilled iron) 


20-30 



16-24 

20 

Porcelain, roughing 


30-511 

4(i-50 




I’ulleys, surfa<ing . 


30-30 


30-3(> 



Radiators (cast Iron), 







edges 


24-30 


20 



Rtizors, grinding ami 







concaving 

40-120 


70-100 

70-1 (XI 



Reamers (tnind) 

40-C*0 


[ 50-81) 


J 40-00 { 

'■16 

(machine) 

Rods (Iron or steel), 

40-00 



60 



ends of 




20-30 



Rolls (cast iron), wot 







(chilled iroii) . 

21-20 

24-30 

24-36 




rougliing 


30-10 

30-40 

3(i-40 

30 


flnisliing 

70 

70-80 

00-80 

00-100 

1(0 


Roughing generally 
Rubber, liard . 
soft 

J :to-r)(i 

30-50 

1 30’.50 

r 20-30 

20-30 

16-30 

io 

8ad irons, edging 




20 



flnishlng 


8()-120 

120-1.50 




roughing 


20-30 

20-30 

2()-30 



Safe work 

Saws (cold), cutting 

10-40 



10-20 


io 

off . . . 

00 


50-80 




gumming (heavy) 
(light) . 
sharpening . 

J 3li-S0 


301-365 

403 

} 4)i-(j0 

30-00 

36-40 

30-50 


301-305 

40-00 

30-60 


circular, surfacing 
Scale removal from 




30-00 


• 4 

soft steel . 




20-30 



Screws, finishing 







lieads of . 




36-40 


•• 

Shears (cast iron), 






shotihlers on 



00-100 




Shoo lasts, bottoms 







and edges of . 




30 



Shovels, edging 

24 


12-10 

20-30 



Springs, spiral, ends oi 

10-20 



40-00 



waggon ends of . 

20-30 



30-40 



Steel castings (large) 

12-20 


10-10^ 



io 

(small) . 

20-30 


10-20 • 





♦ • 

^ Norton Co.’a rccomincndationH* * Carbornndum CI>/8 recommcndfttlons. 

• Safety Emery Wheel (.'O/a rucominendatlona. * American Emery Wheel Workers’ Table. 
‘ StcriliiK Emery Wheel Manufacturers' recommendations. 
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Tablk LXIV. —Continued 


_l-_- ...... 


I’lirjMwo. ' 

Alunduin.' 

Crystolon.' 

t’arl>«»rimduni.* 

Kmery.* 

Kmery.* 

Umery.* 

Steel castings— rnutd. 
hardene<l (cylin* 
rirlcttl) 

40-(M) 1 
24 comb. I 


yo-()0 




hardeiKMi (surfac¬ 
ing) . . . 

:ic- id 






iniuiganesc 

iO-40 


id 


24-20 


sheet, edging 

4()-«0 

24 e<»mli. 



hi-iio 

21 cimih. 

r.i 


soft (cylindrical) j 

1 

1 


1 

•• 1 

1 

( •• 

„ (surfacing) . 

2l-3d 



20-:{0 



structural 

hi-21 




10-20 


tempered (cylin¬ 
drical) 





20-00 


tempered (siiriar- 
liig) . . . 




20-40 

24-40 


Sh)Ve eastings . 

2(i-:i(; 

2o-:pi 


20-20 



holes In 




.10-10 



edging . 




20-10 

20 

20 

mountings 




21-.20 

20-20 

20 

Surgical instnimenf-i 

. .* 


lii-'](io 




Switclios, inanganesc 
steel . 

1 l-ld 






Taps .... 

4<)-i'si 




ld-00 

-id-’oo 

’Pools, high spccil 




21-'20 

24 


general . 

2i)-:p) 






liardeneil 




Hll-120 



lathe . 

2i»-;i«* 


2 i-:;(> 

20-10 

20-40 

20 

» machine (rougliing 




20-20 



moulding cutt4‘rs 




+0-00 


4d-<>0 

plau'T . 

2ii-;pi 


2 i-':m 

20-10 


20 

sharpening . 




OII-IOll 



small 



ihi-so 


td-'loo 

do 

steel 



2J-:{r. 




(line) . 



.'<0-120 




woodworking 





id 

id 

Tyres, steel 




20-20 



Universal grlnil<Ts . 




00-80 



Wagon work, wnnight 
Iron . 




20-20 



Wheels, car (cast iron) 


h;-’2i 

* 1 i-’M ^ 

10-24 

1 

10-20 

(ctiiileii iron) 

20 

Hl-21 


10-20 

1 • • 


Wire, steel, eutls of 

:{H-so 



70-00 



Wrought iron . 

l2-:«i 


10-21 

10-21 

lli-'24 

id 


‘ N’ortDii Tti.’s riii oiiimoiidutlons. * CarWurumliitn <'o.’s r<‘< omiia“r>(lan<ins. 

• Safety ilnicry Wheel Co.’s reroiiiinoiKhiliotis. * American JCiiicry Wheel Workers’ 'J’ahle. 
‘ Sterling Ktiiery Wheel Maiiufai turers' recomriieiiilatious. 


In abrmive cloths and papers the sizes of the grains are generally 
used within the following limits : 

* Emery paper.FF to 24-tne.sh. 

'*% „ cloth . . „ 24 „ 

Carborundum paper.. 2(1 

„ doth.,, 4(5 ,, 

Clarnet paper for woodwork . . 50 ,, 

„ cabinet work . . . 20 

Sand paper.F to 20 ,, 

In considering the Aze of particles used for polishing, it must 
be remomberod that, &% has been shown by lieilby, there is a great 
difference betweefc the action of * extremely minute j)articles of 
ultra-microscopic size (such as rouge) and the much larger particles 
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of the finest emery or other well-known abrasive. The latter 
produces a smooth, surface by direct abrasipn, i.e. by jemoving 
the projecting particles, but the minute particles rouge are of 
almost molecular fineness and so give a molecular contact simul¬ 
taneously over comparatively large areas. Consequently, the 
particles of rouge seize those of the material to bo polished, and 
something like a continuous sheet of molecules is set in motion. 
This sheet behav<-s precisely like a viscous liquid, filling up the 
hollows and furrows left by previou} abrasives and covering the 
material with a skin of solidilied liquid which is precisely compar¬ 
able to a coating of varnish or enamel. 

It is almost impossible to reduce any crystalline grains of sand 
to the almost molecular minuteness of rouge, though amorphous 
silica has somewhat similar properties ; hence the superiority of 
.some gelatinous forms of silica over quartz in the production of 
a fine jmlish. 

Sources of Abrasive Sands. The sources of supply of natural 
abrasive materials smdi as ornery, corundum, pumice, (do., have 
been fully dealt wit h in \'ol. 1. Chajrterl 11. under these various names. 

Most of the artificial sands used for abrasive purposes are made 
where electricity is cheap, c.;/., where it can be generated by water 
pow'er, as in Norway, South France, and in Airterica. 

Siliceous abrasive .sands are obtained from various sources, 
c.iy. the l/;ightorr Buzzard sand is used for sand-blasting, and the 
(juartz and <dicrt gravels are itsed for grinding metal and plate 
glass. The .sand at tlodstone is sometirtres usrsl for scouring 
purposes, whilst the Rr-igate sand has been used in London for the 
decoration of glass, chielly by sarid-bla.stirrg. Lynn sand is used 
to a fairly large extent for making scouring soap, as are also some 
of the Glacial sands of Ijancashire. Sand dredgeel from the bottom 
of the Mersey is sometimes used for grinding glass. 

Various crushed stones are also used in .soaps, e.g. the Appin 
quartzite (1. KW) found near Kentallen, Argyllshire, and the 
white sandstone Ix-longing to the Carboniferous Limestone Series, 
near Mold, in North Wales. Ground Gomal stone (1. 154) has 
also been used for .scouring purposes. 

Selection of Abrasives. —^The .selection of an abrasive sand can 
usually bo made the subject of a fairly dc-finite specification, whihh 
should include the various projKirties mentioned on p. 210, particular 
attention being paid to the composition or nature of the ifrains 
(p. 212) and to their shajK! (p. 216) and size (p. 217). 

When sclc(!ting an abrasive which is to be used in the form of 
a powder, it must be remembered that in this form an abrasive 
will give a coarser finish than when the same size grains are use4 
on paper, whilst if the grains are imited to form a wheel, a stUl 
finer surface, increasing with the speed or rotation, is obtained. 
Consequently, when, a certain sjpe of grains gives the best results 
when used in the form of a loose powder, a muclf coarser size may 
be used if the abrasive forms part of a grinding wheel. The other 
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properties 6f the sand remain the same, no matter whether it be 
used loos^, mounted on cloth pr paper, or coi^paeled into a block 
or wheel. ' ^ 

Preparation of Abrasive Sands. —The preparation of sands for 
use as abrasives usually comprises one or more of tire following 
methods of treatnjent: (1) crushing and grinding, (2) cleaning, 
(3) grading, and (4) drying. 

Crushing awl griwling. —Unless they occur naturally in Ihc 
form of a sand, abrasives usually require to be erusbed to the 
requisite fineness. The material is first reduced in a jiriinary 
crusher such as a jaw-breaker (I. 347), gyratory e.rusher (I. SoO), 
or other suitable machine (1. 352-35!)), and afterwards in a 
fine-grinibng machine (I. 363). Although it is not economical 
to omit the preliminary crushing, some firms reduce fhe abrasive 
directly in edge-runner mills (1. 374) to particles about J in. 
diameter, when the fine powders are not i’e(|uired. Such mills 
need to be specially strong and tin; pan constructed of manganese 
steel to withstand the very great wear and tear to ubieb they are 
subjected. Whore the abrasive is to lie reduced to a very line 
{wwder, ball mills (I. 365) or tiilx; mills (T. 369) may lx‘ used, but 
at present they are not employed to any great extent in the abrasive 
hidustry. 

The best and most economical method, if the material is to Ix! 
reduced from largo masses to the finest powder, is to use a preliminary 
crusher to break up the masses of abrasive to pieces about 2 in. 
or less in diameter. An edge-runner mill should thou be used to 
reduce it to a coarse powder and a b<dl mill, tube mill, or roller 
mill to finish the grinding. For preparing diamond dust, a mortar 
and pestle are used, as the amount of jiiaterial to be treated is very 
small. 

Cleaning. —Abrasive sands may be cleaned in various ways 
according to the nature of the impurities present which need to 
be removed. Natural abrasive sands may be washed in a stream 
of water (I. 384). Where minerals are prtisent which (cannot be 
removed by simple washing, a concentraliwj table may sonudimes 
be very satisfactorily employed, (’onindum and emery are. freed 
from heavy ferruginous impurities by this means. 

• Electrermagnetic cleaning (I. 428) is often useful, as in the 
caae»of corundum, emery, and other aluminous abrasives, from 
which, much of the iron and magnetite may be removed by this 
treatment. 

Chemical treatment is sometimes desirable to remove! harmful 
impurities. Thus, carbide abrasives are treated with sulphuric 
acid to remove any iron oxide which may be pre.sent; this treat¬ 
ment is followed by a thorough washing and drying. Gorundum 
crystals are sometimes* heated to 600" G. in contact with fused 
nitre cake. This dissolves some of the impurities present and also 
roughens the surface of the cryst’als, and so renders them more 
effective and more easily bound together if they are to be used 
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in the form of blocks, wheels, discs, ete. The treated material 
must be thoroughly jvashed and driod before ugc. ^ _ « 

Grading .—Abrasive sands down to 200-me8h/are generally 
graded by means of soycons (I. 441), the coarsest powders being 
separated by means of j)erforated steel or phosphor-bronze gauze, 
whilst the finest particles are screened through a silk lawn or very 
fine sieves of phosphor-bronze. Inclined and flat screens are 
g(merally employed (1. 442) for this purpose, though revolving 
and vibrating screens (I. 449) are ,also used to some extent, 
the screening being effected either with or without the use of water. 

Sands dow'n to 200-mesh are usually separated into twenty 
sizes, which are designated by the number of meshes per linear 
inch through which the particles will pass. The screens used have 
the following meshes per linear inch : 6, 8, 10, 12, 14, 16, 20, 24, 
30, 36, 40, 50, 70, 80, 90, 100, 120, 150, 180, and 200. Thus, No. 6 
abrasive is an abrasive consisting of particles which pass through 
a 6-mesh screen, but rtdained by an 8-mcsh screen. Fine abrasive 
powders (smaller than 200-mesh) arc graded by means of elutriation 
in a suitable liquid. Various methods of elutriation are described in 
Vol. I. p. 391, but the one most commonly used for abrasives consists 
in washing the finely powdered abrasive! into large vats in which 
it is allowed to stand for varying lengths of time, and separating, 
it according to the time taken for it to settle. Emery which settles 
in 30 min. is known as “ 30-min.” emery ; that which takes 
60 min. is known as “ 60-min.” emery, and .so on. 

It is possible by careful working to produce very uniform 
abrasives up to 60-min. powders, but beyond this the grading is 
not so good. 100-min. powder is not so uniform as the coarser 
ones and contains much coarse material, as well as a certain amount 
of almost impalpable powder, so that lOO-min. material is not 
much more useful, if any, than 60-min. powders. 

The settling tank is generally about 3 ft. deep, but this is not 
always the case, so that it is impossible to say just how fine a 
particular consignment of 30-min., 60-min., etc., emery will lx;. 

The fine particles separated by sedimentation are also designated 
by letters such as F, FF, FFF, FFFF, and by numbers such as 
0 , 00, 000, and 0000. 

Water is generally used in grading fine powders such as emei'y, 
but for the smallest particles of carborundum, alcohol must be 
employed, as the fine particles of carborundum entangle air bi^bbles 
which prevent some of the coarser ones from settling, and thus 
cause them to contaminate the finer particles. 

Diamond dust is graded by mixing it with oil and allowing 
it to stand for varying lengths of time, the material which has 
settled in each case being collected. The grades of diamond dust 
shown in Table LXV. are produced in this way. 
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Table LXV. —Grades or Diamond Dust 


t'itiiu uf Settlement. 

• 

Urnde No. 

5 nunutos . 

• 

0 

10. 

1 

30. 

2 

1 hour 

3 

2 hours 

4 

10 „ ♦ . . 

fi 

ilemainder 

6 


Air separators (I. 46C) may be used for grading the finest 
powders and separating them from coarse material, though they 
are not used to any large extent. 

Drying .—Abrasive powders are .separated from watiir and dried 
by various methods. Coarse powders are allowed to setlle, the 
water is decanted off, and the material dried artificially. Kine 
powders are sometimes allowed to settle and drain in large vats, 
but the process is slow. The usual method is to drain off as much 
water as possible and then to heat the residue so as to evaporate 
the remainder of the water. Other methods include centrifugal 
drying (I. 407) and vacuum filters (I. 405), but these have not Isien 
widely used. 

Testing Abrasive Sands.-The principal tests to be applied to 
sands used for abrasive purposes arc as follows : 

1. Chemical analysis (I. 2.S7) to determine the composition of 
the abrasive and of any impurities present. 

2. A micrositopical examination (I. 241) to determine the 
composition, shajK', and size of the particles and the nature of 
their surfaces. 

3. A hardness test (I. 200). 

4. A mineralogical examination (T. 250) to determine the 
proportion and nature of any heavy minerals, etc., is sometimes 
necessary. 

6 . A sizing and grading test (I. 246) to determine the sizes 
of jthe various particles. 
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CHAPTER XIV 

THE USE OF SAND IN EXPLOSIVES 

Some sandy materials are used as absorbents in the manufaeture 
of dynamite and other nitroglyeeiine explosives. Nitroglycerine 
is a liquid and a very dangerous explosive which cannot bo handled 
safely when alone, but if it is absorbed into some porous material, 
the product is a solid explosive which can be handled with com¬ 
parative safety. 

The sands ehiclly used for this purjiose are : (a) sand, (6) brick- 
dust, and (c) kie,selguhr or diatomaccous earth. Siliceous sand and 
brick-dust arc not really satisfactory, as they have only a small 
capacity for absorbing and retaining the liquid ('xplosive; since both 
these materials consist of solid particles of little or no porosity, the 
power of absorption of sand and brick-dust is limited to the voids 
or interstices between the particles. Mii^a has also been used in 
Spain, but for the same reason this only holds a small pereeutage 
of nitroglycterine. 

Kieseiguhr, on the other hand, conststs of extremely porous 
particles, and so is able to absorb thrtic times its weight of nitro¬ 
glycerine wthout becoming damj) to the touch. Randanite, 
another form of diatomaccous earth, has also been used as an 
absorbent, in Prance. 

The properties of an absorbent for explosives should be as 
follows : 

Chemical Composition.—^The sand or equivalent should be as 
pure as possible, but a little impurity is not harmful. It is, however, 
desirable to ignite the sand before use, so as to destroy as much as 
possible of any organic matter which may be present in it; this 
treatment also increases the absorptive capacity of the material. 

Porosity .—^The sand or other material should be capable of 
absorbing three times its weight of nitroglycerine, and when the 
saturated material is pressed, the liquid should not be squeezed out. 
Kieseiguhr is the only material which properly fulfils this specifica¬ 
tion ; sand and brick-dust are far inferior to it in this respect. 
The great porosity of kieseiguhr and diatomaceous earth is due to 
each individual grain lasing itse'f porous and skeletal in character, 
as distinct from the solid grains in other materials. 
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PREPARATION OF KIESELGUHR 

Size of Parlicles. —^Tlie sand or other material should (ionsist of 
very small particles and should leave no residue on a 30-mesh sieve, 
as the pre^enc6^)f any toarse grit may cause abraston and prematurely 
explode the nirfoglyccrine. The grains should be rounded and as 
uniform as possible in size, as this will ensured material of maximum 
porosity between the grains. 

Dryness.—The material should not contain more than 0 5 per 
cent of w'atcr, as moisture fills some of the pores and so reduces 
the capacity for absorption. If neces.sary, th(! material should be 
dried before u.se. * 

Sources. —Common sand and brick-dust may bo obtained in 
almost any locality. The occurrence of kie.selguhr Ls desciribed 
in Vol. I. p. 00. 

Preparation of Kieselguhr. —^Tho v'arious .stages in the preparation 
of kieselguhr for u.s(! as an absorbent are as follows ; 

1. Calcination to bum off any organic matter. 

2. Grinding to required fintmess (I. 303). For this purpose, 
crushing rolls are usually employed. 

3. Screening to remove coarse particles (I. 441). 

4. Drying by artificial heat (1. 408). 

Sand, brick-dust, or other materials which may be u.sed may 
not need to bo calcined, but otherwise the mode of preparation is 
the same. 

Tests.-— 'Ph<! following tests should be applied to kieselguhr or 
other material to be u.serl as an absorbent for nitroglycerine : 

1. A cleanness or clutriation test (1. 252) to erasure the absence 
of dirt, clay, or other objectionable imimrities. 

2. A sizing or grading test (1. 24()) to determine the sizes of the 
various particles. 

3. A microscopical examination (I. 241) to .show the shape of 
the particles. 

4. A moisturi! te.st (1.238) to ascertain the jxsrcentago of moisture 
pre.sent. 

5. A porosity test (T. 2fil) to show the amount of explosivt; which 
can 1)0 absorbol by the material. 

6 . A chemical analysis (I. 237) is seldom necessary. 
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MISCELLANEOUS USES OF SAND 

There arc many uses of sand in addition to those previously 
mentioned. In some of these the nature of the sand is of little 
importance, except where such properties as fineness, roundness of 
grains, etc., are essential. It would be difficult to compile a list of 
all these various uses, but some of the principal ones are given in 
the present ehaj)ter. 

Absorbent.—Sand is sometimes used as an alworbent of acids 
and other corrosive liquids. The properties which it should then 
possess arc the same as those described in Chapter XIV. Before 
the invention of blotting-paper, fine rounded grains of white sand 
were largely used for the same purpose. 

Annealing. -On some occasions, where very slow cooling or 
annealing is es.sential, the hot articles may lie covered thickly with 
sand, which then prevents the heat from escaping rapidly from 
them. Almost any kind of sand may be u.scd, but it should be 
fairly fine and dense. 

Ballast in ships often consists of sand. It need not consist of 
any particular quality, though a saleable sand is always preferable 
to one of no commercial value, as in that isase the price realised may 
contribute to the cost of running the vessel. 

Coking.—Sand is sometimes added to the coal charged into 
retorts or coke ovens in order that it may combine with any bases 
which may be present. For this puqjoso the sand should be very 
fine and as rich as possible in silica. The purity of the sand is .not 
of great importance if sufficient free silica is present. Thq sand 
raises the melting point of readily fusible silicates in the coal, and 
in this way prevents excessive corrosion of the oven- or ^'retort- 
walls. Its value is, however, very small in comparison with its 
disadvantages. 

Erasers.—Sand is sometimes used to erase marks of various 
kinds ; this use is only a form of abrasion, the use of sand for which 
is described in Chapter XIII. '' 

Filler.—Sands of various kinds are cjjtensivcly used as fillers 
or extenders. In some eases "(hey are merely cheap diluents or 
adulterants, as in the well-known, yet largely imaginary, admixture 
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of sand with sugar ; in other oases they serve to spread‘a particular 
material, such^ a pjint or cement, over a larger area, and so use 
it to bettor adi'antage. For these purposes the sand should be 
white or almost colourless, and the grains.should lx; very small; 
they should readily pass through a 2(>()-raesh sieve. The ehemical 
composition and most of the physical properties are of minor 
importance, though rounded grains are usually preferri'd to smooth 
ones. Very line grinding is usually an essential feature of the 
preparation of the sand for u<ie as a filler. Sec also Paints (below), 
Soap (p. 230), Hoads (p. 60), etc. 

The use of sand for filling up holes in the ground, in rocks, 
disused mine workings, etc., scarcely' needs more than a bart! 
mention. 

Friction sands are used on tram cars, locomotives, etc., to enable 
the wheels to grip the rails. For this purpose, the sand must be 
very hard, so as not to break under the great load placed u]sui it. 
It should consist of angular particles of aj)|>ro.\iiuately uniform 
size, so as to give a maximum grip, and should be as dry as ])ossiblc, 
so as to form a thin even coating when dropped on to the rails. 
Sand is also used to create friction between belts and piilk^ys and 
in various other ways, some of which are largely umfi'sirable. 

• Hour-glasses, and those used for timing the boiling of eggs, 
contain sand, which runs from the upper container to the lower 
one when the glass is inverted. For this purpose, the sand must 
be fin(! ami coiusist of round grains which will roll over one another 
and not adhere to each other in the small opening connecting the 
two vessels. The grains should be uniform in size. 

Paint Manufacture.—Sands are (employed in paint manufacture 
in three ways : (ct) as fillers, (ft) in pigments, and (c) for decorative 
jiurposes. As a tiller, finely ground sand or kie.selguhr is often 
added to paints to increase their bulk. It also scarves to extend 
the colour and use it to better advantage;, as well as to modify' it 
and so produce effects not otluirwise obtainable. I'or use as a filler, 
the sand must be extremely fine, leaving no residue on a 200-mesh 
sieve. The finer it is the. better will be the resultant paint, as the 
filler will remain longer in sus|H;nsion. Rounded grains arc prefer¬ 
able and nthder the paint easy-working. 

*Sand or kiosclguhr is an ingredient in mixtures used for preparing 
certatn pigments such as ultramariiu;, cobalt blue, smalt, etc., as 
descrilud in Chapter X. 

Sands may be added to paint whore a stene-like surface is 
required, or the sand may be sprinkled on after the paint has been 
applied. Sand is sometimes si)rinkled over black varnish to give 
a rough sandy effect on a black background. 

The sand used for p<wta should depend on the effect required ; 
this will determine the fineness or coarseness of the sand and also 
its colour. The sand should not be* contaminated by any material 
which will be dellterious to the colour' of the paint. Rounded 
particles are preferable to angular ones, because they will give a 
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greater covering power to the paint as the grains roll over each 
other more readily/ ' it' 

Rubber is sometimes adulterated with kieselgulfr or amorphous 
silica to increase its bwlk. For this purpose, high porosity, light¬ 
ness, and extreme fineness an? the desirable features, so that the 
sand does not affect the properties of the rubber. Some abrasive 
rubk^rs may have rather coarser material in tluun. 

Sand seals in kilns, producers, etc., consist of chamiels filled 
with sand, in which a sheet or slak slides or is fixed so as to 
prevent any heat or gases passing out of the structure. Sand is 
used instead of a liquid because it so readily withstands a much 
higher temperature. For this purpose, the sand only requires 
to be refractory, and preferably round-grained, so that any 
ruts in the sand made by the moving sheet may k immediately 
filled uj) by the siind grains rolling into it. The refractoriness 
mu.st be greater than the maximum temperiiture of that part of the 
kiln, funiaee, or producer, so that the sand will not sinter or fusi; 
when the seal is in use. 

Soap sometitiK's contains a large projsirtion of sand, pumice, 
kieselguhr, or other abrasive Tiiaterial, which greatly facilitates 
the use of soap for scouring purposes. The. sands used for this 
purpose and their properties are described in Chapter XTII. or, 
Abrmive. SanHs. The sand must be extremely finely ground and 
the grains should bc^ sub-angular and not rounded. (!oarso particles 
must be separated (preferably by means of an air separator), as 
coarse grit is extremely harmful. 

Water softening has been effected by' the tise of glauconite sands, 
which (X'Ciur in the Oou-nsand (I. 11(5) and neighbouring formations. 
The only desirable feature in sands for this purpose is as high a 
content as possible of glauconite. In most casew, other substances 
are preferable for softening water. 

Woodworking.—Sand is sometimes used to fill defects in the 
surface of wood befon? painting or poUshing the latter. F’or this 
purpose the sand is mixed with a suitable adhesive, sui^h as linseed 
oil. The sand should k of a suitable colour, de|X“nding on the 
nature of the wood, and extremely fine so tus not to produce a rough 
surface. In most eases a softer material, such as whiting, is 
preferable. 
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Abbots Langloy» Kooono IhmIs u1, i. 

Aborcriban, Old Ro<l Sandstone at. 
i. 41 

Aberdare, silica rocks at, i. 4H 
Aberdeen sands, i. 77. 83. 217 

Alsirdeenslnre---- 

diatoiruiCM'uiis earth in. i. 97 
gbu'ial drift in, i. 7o 
smuis in, i. 2() 

Abergavenny, sili<'a rocks at, i. 41, 
47 : ii. 1117 

Al>ergele, pocket sands at, i. 43. ll(>, 
131.134. 135, 435 
Abraham, ii. (h) 
xAbrams, F. A., ii. 33 
Abrams and Harder, i. 240 ; ii. 11 
Abrasion and Iiardness, i. 200 
Abrasive jietion of .sand, i. 200 
rapidity of, ii. 211 
blocks, ii. 213 
cloths, ii. 210, 221 
grains, size of, for grinding various 
materials, ii. 210 
materials, ii. 208 
papers, ii. 210, 221 
parti<4es, shape of, ii. 210 
.size of. ii. 217 
powders, fineness of. ii. 218 
sand, i. 70 ; ii. 200-225 
sands, cleaning, ii. 223 
* composition of, ii. 212 
•drying, ii. 225 
grofling, ii. 224 
glinding, ii. 223 
impurities in, ii. 212 
preparation of, ii. 223 
properties of, ii. 211 
purifying, ii. 223 
selection of, ii. 222 
sources of, i. 65, 70, ^6, 88, 01, 
93, 102, 115, 137. 147, 1.58, 150, 
160, 166 ; ii. 222 ^ 
testing, ii. 225 ^ 
wheels, ii. 213 
grades of, ii. 216 


' Ahrtisives— 

! depth of ent of, ii. 217 
[ grit of, ii. 217 
i hardness of, ii. 213 

! iniiieralogieul composition of, ii. 

; 213 

poisonous, ii. 213 
testing, ii. 214 
toughnt'ss of, ii. 216 
uniformity of jwtion of. ii. 212, 215 
use of satid.s as, ii. 206 
.Absorbent, \iso of satnl ns, i. I(i6; 

ii. 228 

Absoiption in lime-sand bricks,excess¬ 
ive, ii. 18 

.Abyssal <li‘posits, i. 32 
sands, i. 70 

; .Aece.ssory minerals in sands, i. 172 
j .Aecringtoti, gaiiister at, i. 50, 107 
I .Acliill Island tpiartzile, i. 30, 140? 

I ii. 105 

.Acid, (dTect of. on sand, i. 204 
sands, i. 145 

use of, in purifying stmds, i. 433 
Acklam, bower Oolite at, i. 58 
a-eristobalite. i. 173. 230 
Aclinolite, i. 180, 224 
Adamite, i. 96; ii- 200 
Adelrti<le rubies, i. 114 
AdbesiveiH'ss of mortars, effect of 
sand on, ii. 46 

A<l!rondncks, garnet in, i. 111 
.Adits, use of, i. 307 
.\do)»o. i. 31, 70, 125 
Aegerine, i. 170 
Aoplian sands, i. 22. 80, 82 
Aeration of soil, ii. 170 
.Aerial ways, i. 320 
Africa— 

diamond Irnds in, i. 113 
gem sands in, i. 113 
glaueonitie sands in, i. 181 
gold ploce^ in, i. 117 
• tin^lx^aring sands in, i. 164 
Agate, i. 175 
Agg, ii. 68 
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Agglutinol OH bond in moulding 
sands, ii. 117 , 

Aggregation of sand deposits, i. 21 
Agriculture— 

preparation of sand for, ii. 175 
purpose of sand in, i. 125 ; ii. X62 
testing sand for, ii. 175 
Agulhas Rank, glauconitic sands at, 
i. 181 

Aid Crag silica rock, i. 140 
Ainsdale, sand dunes at, i. 27 
Ainslio, sand dunes at, i. 28 
Air- 

classification by, i. 460 
•compressors, i. 300 
concentration by, i. 427 
effect of, on rocks, i. 0 
oxidising action of, i. 10 
screening, i. 465 
separating dust from, i. 465 
separators, i. 466 
pulsating, i. 427 
Alamandinc, i. ill 
Alaska, gold placers in, i. 117 
platinum placers in, i. 133 
Alberta, asphaltic sands in, i. 81 
oil .sands in, i. 131 
Albito, i. 184, 208, 231 
Aldeburgh, Corallian ling at, i. 58 
Hod Crag at, i. 73 
Aldenham, Reading beds at, i. 68 
Alderley Edge, silica rocks at, i. 53, 
116,124 

Aldershot, Reading beds at, i. 69, 
70. 71 

Alessandria, i. 137 
Alford, Greensand at, i. 05 
Alfreton, silica rocks at, i. 154 
Algiers, kieselguhr in, i. 96 
Alkalies— 

action of, on sand, etc., i. 185, 
204 

in brick-making sands, ii. 3 
in gloss sands, ii. 198 
in moulding sands, ii. 89* 96 
in refractory sands, ii. 140, 147 
Alkaline silicates, i. 17 
Allen cone washer, i. 395, 396 
Allen, Edgar & Co., Ltd., i. 366, 369, 
457 

Allen. H, S., i. 251 
Allington Castle mortar, ii. 49 
Allis • Chalmers Manufacturing Co., 
i 395 

AUophane, i. 183 
Allotropic forms of silica, 1. 226 
Alloys, casting sands for, ii. Ill, 112 
silicon, il. 184 , . , 

Alluvial deposits, i. 133 ♦ 

fans, i. 29 
sands, i. 80 


r 

Alluvials Mining Machinery Co., Ltd., 

. i. 291 ^ . 

Alluvium, i. 28, 80 
Almeria, garnet at, 7. 112 
Aloxite, i. 96 ; ii. 209 
Alsing eylinilors, i. 366 
Alton, Gr(>onaand at, i. 62 
Alum Bay, Headon Hill sands at, 
i. 72. 116 

Alumina and lime, interaction of, 

• i. 191 

.silica mixtures, fusibility of, 
i. 195. 197 

titanium oxide mixtures, fusi¬ 
bility of, i. 197 
as an abrasive, ii. 209 
effect of, in concrete sands, ii, 30 
in glass sands, i. 123 ; ti. 196 
in moulding sands, ii. 87 
in refraclory sands, ii. 147 
in soil, ii. 167 

on inversion of silica, i. 228 
fused, use of. i. 95, 96 ; ii. 158 
Aluminium casting, sand for, ii. 103, 
112 

compounils in sands, i. 194 
silicates, i. 181 ^ 

Aliimino-silicates in sands, i. 182*188 
Aluminous abrasives, composition of. 

i. 93, 101 ; ii. 213 
Ahmduin, i. 96 ; ii. 209, 219 
Ambergato, silica rocks at, i. 46, 49, 
50, 107,110 
America— 

black soil of, ii. 164 
corundum in, i. 93 
/lint-clay bricks in, ii. 145 
furnace sand in, il. 142 
gloss sand in, ii. 195 
metalliferous sands in, i. 29 
phosphate sand in, ii. 175 
American “ average ” moulding sand, 
il. 91 

“ ideal ” moulding sand, ii. 91 
standard sand, i. 162 ^ 

sieves, i. 247 ^ 

Amersham, Reading beds at, i. 68 
Amethyst, i. 115, 177 r 

Amiesite pavement, ii. 68 
Ammanfor<l, silica rocks at, i. ^4 
Amorphous minerals in sands, i. 171 
quartzites, i. 138, 143 . 

silica, i. 173, 174-176 
Amphiboles, i. 20, 179 
Ampthill, Gi*Gen8and at, i. 64 
Andyses-f ^ 

of ardnes, i. 80 
of Ashdi^wn sand, i. 121 
of corundum, k 94 
of emery, i. 101 
of ganister, i. 106 
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Analyses —continued 
of kieBol^iilir, i. 98 
of moler, I. 128 * 

of monazito, i.*l29 
of moulding sands, ii. 90 
of pozziioiana, I. 136 
of jnunice, i. 137 
of trass, i. 165 
of vol<*anic sand, i. 167 
Analysis— 

chemical, i. 237 
mechanical, i. 239 
microscopical, i. 241 
of a sand, interpix'tation of, i. 202 
proximate, i. 241 
rational, i. 239 
recalculated, i. 240 
Anatasc, i. 196» 208, 2(M>, 224 
action of immO on, i. 204 
Andalusite, i. 114, 181, 208, 209, 224 
action of acid on, i. 204 
action of soda on, i. 204 
Andosinc, i. 6. 208 
Andesite, i. 3 
Anglosoa rmniMing sand— 
analysis of, ii. 90 

, mineralogical composition of, ii. 
91 

quartzites, i. 139 

Angular grit as an abrasive, ii. 210 
Anhydrite, i. 191 

Animals, action of, on rocks, i. IH 
Annan, Buntci- beds at, i. 5.3 
Annealing, use of sand in, ii. 228 
Anorthite, i. 184, 208, 231 
Anthophyllite, i. 180 
Antrim— 

Bann clay in, i. 82 
blown sand in, i. 83 
glass sand in, ii. 195 
granite rocks in, i. 3 
shore sand in, i. 77, 157, 168 
Antwerp, water filters at, ii. 180 
Apatite, i. 199. 208, 209, 224, 231 
ac'tion of^cid on, i. 205 
Aj^erturt's in scroons, ratio of, i. 462 
Aix>thorpe, Estuarine .sands at, i. 59 
Apparent density of sand, determina¬ 
tion of, i. 259 
dentSty of soil, ii. 172 
specific gravity, i. 221 
Appin quartzite, i. 39 
Appleby, Permian beds at, i. 51 
Apsley Guise, Greensand at, i. 64 
a-quartz, i. 173 
mversion of, i. ^6, 230 • 

Aqueous action on rocks, i. 9, 11 
Aragonite, i. 190 • 

Archean sands, i. 31^ 

Archimedean screws for de-watering, 
i. 403 


Arflara, shore sands at, i. 77, 157, 
158 : 195 

Arenes. i. 80, 136 
Argillaceous sand, i. 80 
Argyllshire, silica rocks in, i. 39, 40, 
82 : ii. 222 
Arizona ruby, i. 111 
Arizona, tungsten-ljearing sands in, i. 
166 

Arkose, i. 1,5 

Armtborpe, Runb-r snruls at, i. 55, 
131 ; ii. 112 

.Ai rangement.s of plant, i. 468 
Arfificial moulding sands, ii. 114 
sands, i. 1 

as abrasives, ii. 209, 210, 213, 215 
in bi’ick-making, ii. 4 
in concrete, ii. 25 
in mortar, ii. 49 
in plaster, ii. .57 
in rofra.(dory bricks, ii. 152 
in refraefory c<*in(?nls, ii. 157 
stone, sands for, ii. 19 
Arundel, Eocene beds at, i. 66 
Asbolnne, i. 167 
Asbolite, i. 93 
A.sch, W. & I)., i. 174 
Ascot, Eo<'Cih> IhmIs at, i. 70 
Ash, Bagshot beds at, i. 70 
.Ashbourne, Bimler 1m*(Is at, i. 54 
Ashdown sands, i. 61, 121; ii. 194, 
195 

Ashes, use of, ii. 4 
Ashford, Greensand at, i. 63 
rottenstono at, i. 44 
Ashgrove Loch, silica rocks at, i. 45 
Ashley, i. 245 

Ashtead, Reading beds at, i. 69 
Ashton, W., i. 25 

Ashurstwoud, Kastings sands at, i. 
81, 116, 121 ; ii. 3 

Asia- 

loess in, i. 31, 160 
saml dunes in, i. 26 
Asia Minor, bole in, i. 84 
Askharn-in-Furncss, pocket sands at, 
i. 43, 136 

Asphalt-concrete roa<ls, sand for, ii. 
67 

-mastic roads, sand for, ii. 69 
paving blocks, ii. 69 
roads, sand for, ii. 65 
Asphaltic sand, i. 80, 82 
Athabasca River, oil sands near, i. 131 
Atherstone, Permian l>eds at, i. 52 
quartzite at, i. 40 

Atmospheric agencies, action of, on 
rocks, 4. 9 
a-tridymite, i. 173 

Attrition, effect of, on shape of sand 
grains, i. 210 
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Auchenhottth “ rotten ” rock, i. 45, 
131, 150; ii. 113 
Andlom, Lias at, i. 57 
Auj?er drills, i. 298 

Augitn, i. 3, 4, (5. 179, I8J),«204. 208, 
200, 224, 231 
action of soda on, i, 204 
Australia - 

gcrn annds in. i. 113, 114 
gold pUicia's in, i. 117 
tin-hear’ing sands in, i. 104 
Austria, sianilard sand in, i. 103 
Autoniatic focd<*is for grinding mills, 

i. 382 

Auvergne, palagonilo tuft in, i. 106 
])ozzuolana in. i. 130 
Aveiiturine, i. 177 
Avery, W. & T., i. 320, 474 
Axinite, action of acid on, i. 204 
Axinouth, Keuper beds at. i. 53 
Aylesburv sand, i. 57, 05, 110. 118, 
119, 201, 435; ii. 3. 90. 91, 137, 
194, 190 

Aylesford sand, i. 110, 118, 119; ii. 
3, 137, 194, 195 

Ayrshire sandstones, i. 41, 45, 131, 

151 

shore sands, i. 20 
Azorc.s, j)oz/.uoIana in, i. 130 

Backing sand, i. 81 ; ii. 77 
clay in, ii. 95 
size of grains in, ii. 107 
Bacteria, action of, on rocks, i. 18 
Bagging samls, i. 473 
Bagshot beds. i. 00, 70-72 ; li. 100 
Bagshot sands, i. 81 

agricxdtural value of, i. 101 ; ii. 
105 

minerals ill, i. 180, 181, 188, 204 
u.se of, as moulding sand, i. 131 ; 

ii. 112 

for brick-making, i. 82 ; ii. 0 
for building purposes, i. 82 
for facing lirieks, ii. 7 
for furnace hearths, ii. 137 
for glass-making, i. 82; ii. 194 
Bahia, carbonado at. i. 01 
Bakewcll Moor, rotteiistono on, i. 44 
Balgownie lanks, dune sands on, i, 
217 

Ball mills, i. 305-309 
for wet grinding, i. 381 
Ballast in ships, use of sand as, ii. 
228 

Ballater, kiesolguhr at, i. 07 
Ballycaatle— 
bastard ganisler, i. 1(^7 
sand, i. 49, 77, 83, 157, 15$; ii. 
195 

sandstone, i. 50, 107, 154 


Ballyphetrish, shore sands at, i. 157, 

• 1S8 , . • 

Ballyvoy, ganister at, i. 107 
Hamburgh, blown sands at, i. 77, 83 
Bainford, 'I'hunet sands at, i. 104 
Hampton, silica rock at, i. 46 
Banbury, Kstuarine sands at, i. 69 
Lias at, i. 5() 

Banffshire, glacial drift in. i. 75 
Banka, tin-hearing sands in, i. 164 
Bairn clay, i. 82 

Banstcad, Bonding beds in, i. 09 
Thanot hods in, i. 67 
Bar and cage disintegrator, i. 3.55 
disintegrators, i. 352 
-riddles, i. 446 
-screens, i. 445 
Barbados earth, i. 96 
Barium compounds in .sands, i. 193 
silicate, melting point of, i. 193 
Barlborough, Benniaii samis at, i. 51 
Barnstaple, silica rocks at, i. 46 
Barnt ({reen. tpiartzite at, i. 40 
Barnton, sandstones at, i. 42 
BaiTow-iri-Kiirness, glaeial sands at, 
i. 76, 131 ; ii. II I 
Bars, sand, i. 30 
Barton boils, i. 00, 70. 72 
sands, i. 72, 82 

Barytes, i. 193. 208, 209, 224, 231 
Basal cement, i. 143 
(«rit. i. 47. 142 
Basalt, i. 3. 0 
weathering of, i. 14 
Basie sands, i. 145 
Bastard ganisters, i. 105, 107-110 
Bath bricks, i. 159 ; ii. 208 
mineral springs, salts in, i. 17 
sandstones, i. 50, 58, 59 
Banm jig, i. 422 
Bauxite, i. 194 

Bawtrey Bimtor sands, i. 53, 55 

use of, m moulding sands, i. 131 ; 
li. 112 

glacial sand, analysis of, ii. 90 
mineralogical composition of, ii. 
91 

texture of, ii. 107 i 

use of, OB moulding sands, ii. Ill 
Bay of Biscay, sand dunes oif; i. 27 
/i-cristohalite, i. 173, 230 
Beach sand, i. 29, 82, 157 
Beaconstield, Eocene beds at, i. 66, 68 
Bearings in wagons, tubs, and cars, 

i. 319 

BearstoatV Oroensond at, i. 63, 116, 
118, 119; ii. 3, 190 
Beauchief,«ganister at, i. 49 
Bocke, i. 243 t 

Bedding for roads, use of sand for, 

ii. 70 
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jjeaaington, rxanut sands at, i. (>7 ; 

ii.lO , , 

Bedfordshire— * 

Great Oolite hi, i. 59 
Kellavvays beds in, i. 58 
Lower (Jreensand in, i. 64, 110; 
ii. 3, 05 

Wealden Ix'ds in, i. 00 
Beeloy Wood, gnnistcr at, i. 49 
Beighton, glacial sands at, i. 70 
Beilby, ii. 221 • 

Belfast - 

Bunter bods near, i. 55 
Bnnter sands, analysis of, ii. 90 
Keuper bo<ls near, i. 5^1 

mineralogioal ooinposition of, ii. 
91 

properties of, i. 85, 80 
texture of, ii. 107, 109 
use of, as moulding sands, i. 85, 
80, i:U ; ii. 115 
Belgian sands, i. 7.5, 154 
rod, analy.sis of, ii. 90 
iron in, ii. 99 

niinc'ralogieal composition of. ii. 
91 

textim' of, ii. 109 
use of, as moulding sands, ii. Il l 
for furnace liearths, ii. 154 
yellow, analysi.s of, ii. 90 
iron in, ii. 99 

mineralogictti composition of, ii. 
91 

texture of, ii. 10.5, 107, 100 
Belgium, j)hosphale santls in, i. 152 
Pliocene sands in. i. 154 
Bell, H. S., i. 141 
Belt conveyors, i. 528 
output of, i. 551 
roller stds ir>, i. 551 
Belts for eonveyors, i. 351 
Bernbridge beds, i. 72, 152 
Benfleet, Bagshot beds at, i. 70 
Bennett & Sayer, l^td., i. 582 
Benthairusands at, i. 4<». 70 
erkeloy Springs sands, ii. 195 
erkshiro— 

Soceno beds in, i. 00, 07, 09 
Lower Greensand beds in, i. 02 
Uj^xir Greensand beds in, i. 02 
Wealden beds in, i. 00 
Bermuda, sand dunes in, i. 27 
Beryl, i. 187, 209, 251 
Beryllium aluminate, i. 195 
Bessemer converters, sands for, ii. 150 
Beuth sand, i. 2|0 ■$ 

Beverley, Reading beds at, i. 08 
Bickle Engineering Co., 9 r.,td., i. 354, 
452 • 

Biddulph, silica rock at, ii. 190 
Biggleswade, Greensand at, i. 04 


Bilharz jigs, i. 423 
Billiton, tiiybcaring sands in. i. 104 
Binders in moulding sands, ii. 110 
Binding pe\\'(M' of moulding sands, ii. 

84 

Bins, i. 40S, 409, 472 
Biotitc, i. (). 186, 204. 208, 209, 224 
action of soda on, i. 204 
Birefring<*rice of minerals in saml. i. 
208 

Birkenhead, sand <lunos at, i. 27 
Birmingham - 

Bunter sands, i. 54 
Cemetery sands, i. 55 
moulding sands, i. 55, 131 
analysis of, ii 90 
miiU't‘alogi<‘al composition of, ii. 
91 

texture of. ii. Ul7 
Bisehof, i. 232 

Hisbopbriggs, slli<-a rock, i. 45 
Bishops Waltham, lOocone la^ds at, i. 
00 

Bitniithie roads, saml for, ii. 07 
Bitumen, i. 80 

•concrete roads, sand foj% ii. 05 
Bituminous fabiics, use of saml in, ii. 
73 

sands, i. 82 
Black diamond, i. 91 
earth (Russia), i. 51, 
saml, ii. 77 

sands, i. 82, 117, 122, 128, 200 
soils, i. 101 

BUuik Sea, imul in, i. 12, 150 
Blaekfoot moulding sand. i. 07, 105 
Blackheath hods, i. GO, 70 
sands, i. 152 

rninci-als in, i. 181, 182, 188 
Blackirigs, ii. 78. 1-0 
Blackpool, glacial drift at, i. 75 
Blasting sand rocks, i. 295 
Blasting, secondary, i. 507 
Blalherwyke, Kslnarine.sands at, i. 59 
Bleiningcr, i. 229 
Blctchingtori, Lias at, i. 50 
Blochairn, silica rocks at, i. 48 
Blondin rojicway, i. 320 
Blotches in lime-sand bricks, ii. 18 
Blotching in sand beds, i. 144 
Blowing due to lime, i. 191 
of moulding sands, ii. 98 
Blown sand, i. 24, 82 
Bhmdell Sands, i. 28 
Blyth, shore sands at, i. 77, 83 
Boart, i. 84 

Bodmin Moor, tungsten-bearing sands 
on, i, 160 

Bogitch, B., i. 226 * 

Bognor Ixids, i. 06, 67 
Bogojwlenski, i. 9 
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Bohemia, garnet in, i. Ill 
tripoli in, i. 16B 
Bole, i. 84, 125 * 

Bolina, tungsten-bearing sands in, i. 

104 ^ 

Bonhavon Bay, quartzites in, i. 39 
Bonnybridge ganistcr, i. !()S 
moulding sand, i. 131 
sandstone, i. 48 
Bonnysido, ganister at, i. 48 
601 * 0110108 — 
charging, i. 303 
depth of, i. 290 
position of, i. 290 
size of, i. 290 
Boring for sand, i. 270 
Bonieo—• 
carbonado in, i. 91 
diamonds in, i. 91, 114 
platinum placorn in, i. 133 
Borocarhono, i. 90 ; ii. 209 
Bort, i. 84 

Boston, soil at, ii. 104 
Boswell, Prof. P. (5. If., i. 130, 132, 
133.134, 133, 139,140, 141,149, 
130, 131, 133, 134, 150, 157, 
1.58, 163, 104, 203, 211, 215. 
217, 25.3, 441 ; ii. 15, 89, 92, 
107, 109, 137, 138, 142, I8l, 
194, 195, 203 

Boswell’s grading graph, i. 215 
Bottle glass, sand fur, ii. 194 
Boulder clay, i. 11 
sand in. i. 183 

Boulton, Wm., Lbl., i. 360, 420 
Bournemouth, Bagshot bods n(, i. 70 
Bovey basin, kaolin-bearing sands in, 
i. 72 

Boving Engineering Works, Ltd., i. 411 
Bowl classifier, i. 397 
Boylan separator, i. 401 
)8-quartz, i. 173 
inversion of, i. 220 
Bracklesham Ijeds, i. 60, 70, 72, 84* 
Bracknell, Bagshot bed.s at, i. 71 
Bradhelds, Eocene beds at, i. 00 
Bradley Pulverising Co., Ltd., i. 372 
Bragg, W. H., i. 184 
Brahmaputra, delta of, i. 30 
Brakes, use of sand in, ii. 229 
Brampton, Banter bods at, i. 33 
Brandenburg sand, ii. 91 
Brandon, sand dunes at, i. 27 
Brandy (lill, granophyre at, i. 38 
Branthwaite, bastard ganister at, i. 
50, 108 

Brass casting— 

coal dust in, ii. 119 
pease meal ih, ii. 119 ^ 

sands for, ii. 104,108, 111, 112,113 
melting furnaces, sand for, ii. 130 


Brassington, pocket 8anc& at, i. 43, 

, 110,131,135 

Brazil— • * 

carbonado in, i. 91^ 
gem sands in, i. Ill, 114, 115, 182, 
198 

rnonazilo sands in, i. 29, 128, 108 
platinum placers in, i. 133 
Brecknockshire- - 

Millstone (Irit in, i. 47, 48 
()1(^ Red Sandslono in, i. 41 
rottenstono in, i. 44 
Breeze, i. 84 
Breioh sandslono, i. 45 
Brent Knoll, Midfoixl sands at, i. 59 
Brentwood, Bagshot .sands at-, i. 70, 
18J 

Bri(!k-du8t for moulding, ii. 78 
ill plaster, ii. ,57 
Brick-earth, i. 108 
Brick-making 

(.Irying sand for, ii. 8 
preparation of sand for, ii. 8 
sert'oiiiiig sand for, ii. 8 
shape of sand grains in. ii. 3 
size of sand grains in, ii. 3 
sources of sand for, ii. 3 
testing sand for, ii. 9 
nn.suifabli; sands for, ii. 4 
use of sands in, i. 82, 93, 104, 125, 
144, 1.59, 191, 210; ii. 1-21, 
143-151 

Brick-moulding .suntl, i. 84 
Brick-roads, sand for, ii. 04 
.sand, i. 1, 78 
Bricks - 
(Hitter, ii. 7 
dusting, ii. 8 

facing, ii.se of .sand for, ii. 6 
flint, ii. 144 
flint-clay, ii. 144 
floating, ii. 20 
ganister, ii. 144 
glazed, sand for, ii. 8 
insulating, ii. 20 
kieselguhr, ii. 145 
light, preparation of materials foi*, 
ii. 21 « 

raw materials for, ii. 20, 21 
testing materials for, ii. 21 9 
lime-sand, crushed rock for, ii. 10 
dofoct« in, cau.sed hy unsuitable 
sands, ii. 18 

dry sand necessary for, ii.’ 16 
drying sand for, ii. 17 
effect (^f impurities on, ii. 12 
grinding sand fdr, ii. 17 
preparation of sand for, ii. 17 
quarry waste/or, ii. 10 
sand for, ii. 9-19 
screening sand for, ii. 17 
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i5nck8 —coiftixrvmfi 

lime-sand, sourceR of sand for, ii. 10 
tosting sa^d for, 18 * 

texture, irr^ilnr, ii. 19 
texture of sand for, ii. 13, 14 
.voids in sand, ii. 16 
washing sand for, ii. 17 
mortar, raw materials for, ii. 20 
porous, ii. 20 

prt'paration of materials for, ii. 
21 

testing matorinls for, ii. 21 
refractory, raw matorinis for, ii. 21, 

143 

rubber, use of sand for, ii. 7 
sand, ii. 144 
•bauxite, ii. 145 
semi-silicji, ii. 145 
silica, ii. 143 
tridyinite, ii. 143 
use of sand in ilrying, ii. 7 
Rridgonortb, Permian isMts at, i. 51 
Bridgeport, Oolite beds at, i. 59 
Bridlington glacial sand.s, i. 76 
Bridjiort, Lias nt, i. 56 
Midford sands at, i. 60 
Brigg Hazel silica rock, i. 43. 44, 149 
• Brighton, Ktmdirig buds at, i. 69 
Brimham rocks, i. l(i 
Bristol and SoinerKOt Coalfield, Upper 
Coal Measure sands in, i. 51 
Bristol Cbannel 
alluvium in, i. 80 
Koiiper beds near, i. 53 
Lias beds near, i. 56 
Millstone (Irit near. i. 46 
British Columbia, gold placers in, i. 
117 

platinum pltw^ers in. i. 133 
British Standard Si^oeification of J’ort- 
land Cement, standard sand 
for, ii, 34 

Brittany, shore sands in, i. 179, I8l 
Brockenhurst, Bagshot bods at , i. 71 
Brohl, i. 165 
Bromofoiw, i. 257 
IJroTnsgrove, quartzite at, i. 40 
Bronzo casting, sand for, ii. 108, 112 
Brc^ite, i. 179 

BroolcEnd, Reading boils at, i. 68 
Broolate, i. 198, 208, 209, 224 
action of ac;id on, i. 204 
Brora sandstone, i. 58 ; ii. 195 
Brough, Bunter beds at, i. 53 
Brown sands, i. 84, 199, 207 
Brun, i. 230 

Bruton, Midford#ands at^i. 59 
Brynamman *- 
ganister at, ii. 137 * 

MiUstone Grit beSs at, i. 47, 48,148 
quartzites, i. 142 


^t-tridymite, i. ^73, 230 
Buchanan, ii. 121 
Bucket eou'jeyors, i. 336 
dredgers, i. 293 
output of, i. 294 
elevamm, i. 339, 402 
loaders, i. 308 

Buckets for ro|M'ways, i. 323 
Biickingbamsbire 
KoiM'ne beds in, i. <56 
glacial drift in, i. 75 
J..ower(«rcensan(l in.i. 65, 116; ii. 3 
VVealdeii beds in, i. 60 
Bucklebury, Bagshot beds at, i. 71 
Buckley, silica rock.s at, i. 46 
Buddies— 

box, i. 413, 414 
circular, i. 414, 415 
concave, i. 415, 417 
convex, i. 414, 417 
n'volving, i. 417 

Budleigh Sultorton, Kcuper boils at, i. 
53 

Building purposes 
sand for, i. 45, 48, 55, 65, 76, 77, 
82, 84. 92, 93, 120, 122. 124, 
I4L 158, 165 
pro|K*ities of, i. 221 
Bullbriilge, ganis<4^r at, i. 49 
Bullhousis ganister at , i. 49 
Buliivant, i. 315 

Bulv(‘rliythe sands, i. 01, 116, 122; 
ii. 3 

Bunter bed.s. i. 34, 53 
pebble beds. i. 54, 55 
TuiiiiTHls in, i. 217 
sands, i. 85 

agricultural value of, ii. 166 
How of, i. 225 
for furnaco hearths, ii. 137 
mica in, ii. 98 

minerals in, i. 180, 182, 186, 196, 
199 ; ii. 89, 98 
potash in, ii. 89 
shape of grains in, i. 220, 225 
water in, ii. 100 
sandstone, i. 32, 43, 52, 154 
Burghwallis, Buntor sands at, i. 55, 
131 

Burma, gem sands in, i. 114 
metalliferous sands in, i. 164, 166 
Burning of sands and sand-rocks, i. 
434 

“ Burning on ” of moulding sand, Ii. 
80, 96 

Burnt moulding sands— 
reclamation of, ii. 126 
use of, for furnace linings, ii. 137 
use of, for refraijtory cements, ii. 

• 155 

sand, restoring, ii, 120 
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Burr mill, i. 374 
Bursledon. Kocene bods at, i. 66 
Hurslem. sanclstonos at, > 152 
Burton Bradatock, Oolito beds at, 
i. 58, 59 

Burytborpe, Kellaways sand 'at, i. 58, 
116, 123; ii. 194, 195 
Bute, glacial drift at , i. 75 
Bwlchgwyii, silica rooks at, i. *17, 152 
Bynea, silica rocks at, i. 142 
Byon, i. 114 

Byreburn, sandstones at, i. 50 
Bytownitc, i. 208 

Cage disintegrator, i. 354 
Cairn Burn bastard ganistin-, i. 108 
CaisU^r, (Iroonsand at, i. 65 
CaithiiOKS-ahire, (llacial drift In, i. 75 
Old Bed Sandstone in, i. 41 
Calais sand. i. 156, 159 ; ii. 7 
Calcareous sands, j. 8t» 
for concrete, ii. 24 
Ser Tainy sand-s 
Calciferous sandstoiH'S, i. 42 
Calcined sands, colour of, i. 144 
silica, i. 176 

Calcining sand-rocks, i. 434-440 
Calcito, i. 190, 208, 209, 224, 231 
action of acid on, i. 205 
Calcium carbonate, effect of, on 
sands, i. 193 
in soils, ii. 167 

Calcium chloride in apatite, i. 199 
compounds in sands, i. 123, 190 
soluble, i. 193 
Huoride, in apatite, L 199 
-iron compounds, formation of, i. 193 
metaforratc, formation of, i. 193 
orthoferrato, format ion of, i. 193 
phosphate, in apatite, i. 199 

•silica mixtures, fusibility of, i. 
199 

silicate in silica bricks, i. 229 
sulphate, effect of, in sands, i. 193 
CaUlwell sand, i. 45, 150; Ii. 137 
California— 

gem sands in, i. 114 
inotalliferous sands in, i. 117, 128, 
133 

S um ice sand in, i. 137 
low floatation process, i. 425 
Calmy limestone, i. 45 
Camas shore sand, i. 158 
Cambrian sands, i. 40 
soils, i. 162 
Cambridgeshire— 
alluvium in, i. 80 
lllacial beds in, i. 74 
Greensand in, i. 64 
Wealden beds in, i. 60 
Wliite bricks, sand for, ii. 3 


Camp Hill quart/.ito, i. 49 
CampbeltowTi sandstone, i. 45 
Canada— ^ , > 

asphaltic sands in,^i. 81 
metalliferous sands in, 117» 189 
oil sands in, i. 131 

Canary Islands, blown sand in, i. 24 
pozzuolana and tuff in, i. 136, 165, 
I6tl 

Canterbury, i. 67, 70 

(l*ape Comorin, monazito sand at, i. 

' 128 

Cape ruby, i. Ill, 114 
Carbide abrasives, i. 209, 213 
sands, i. 86 
(/arbofrax, i. 86 

Carbon, action of, on silica, i. 205 
effect of, on inversion of silica, i. 
229 

in sands, i. 200 

Carbon dioxide, effect of, in weather¬ 
ing, i. 9 

Carbonaceous matter in sand— 
determination of, i. 240 
effect of, i. 201 

Carbotiaccou.s sands, i. 90, 200 
Carbonado, i. 91 

Oarbonal(?d water, effect of, on rocks, , 
i. 17 

Carbonates, effect of, on inversion 
of silica, i. 228 

Carboniferous moulding sands, ii. Ill, 
113 

quartzites, i. 141 
sandstones, t. 42, 148 
Carbonisation, i. 9 
CarboruiKlum 

alumina in, L 183 : ii. 187 
as an abrasive, i. HH : ii. 210 , -19 
for refractory materials, ii. 152, 153 
manufacture of, i. 86 ; ii. 185 
properties of, i. 88 
V. ConiiKhim as abrasive, ii. 216 
Carborumlum cloth, ii. 221 
Company, ii. 219 
fire-sand, i. 89 ; ii. 137 
flour, i. 88 
paper, ii. 221 
smids in cements, ii. 157 
Carbosilite, i. 86 ; ii. 210 
Carboxides as abrasives, ii. 209' 
for refractory materials, ii. 153 
Card concentrator, i. 419 
Cardiff— 

alluvium near. i. 80 
Lias near, i. 57 
Millstone Grit near, i. 47 
Old Hod Sandstone near, j. 41 
1 Cardiganshir*^, vein quartz in, i. 39 
I Careg-lom rottenst'^no, i. 44 
I Carlisle, moulding sand used in, ii. 113 



INDEX 


239 


Carlops, garyster-like sandstones, i. 
45 

Carluke, syiea sandstones near, i. 4-^ 
Carmarthenshire— ^ 

Glacial sands iA, i. 7<1 
Millstone Grit in, i. 47, 48 
rottenstone in, i. 44 
Carnarvonsh i re, metamorphic rooks 
in, i. 30 

pocket sands in, i. 43 
Cam Cennen, rottenstone at, i. 45 
Cam Pen-y-Clogau, rottenstone* at, 
i. 45 

Caninn (Jv^ys, rottenstone at. i. 45 
Curnolian, i. 175 

Carolina, gern sands in, i. Ill, 114 
inonazito sarul in. i. 128 
Cars for rails, i. 317 
Carsham, Forest Maihle at, i. 58 
(’arsington, pocket sand, i. 135 
Carstairs Katnes, ghwial sands at, i. 7(1 
Carstono. i. 04 
Carts, i. 317 

Casing for soixurns, i. 4(55 
Cassiterite, i. 198, 208, 200, 224 
action of acid on. i. 204 
Castell-y-(ioifr, rottenstone at, i. 45 
Casting metal. Svh Monldlng sands 
Casting metals, use of sand in, ii. 75 
temperatures, ii. 81 
Castle Hill quarry, i. 152 
Castle Hill siliiai rucks, i. 48 
Castle Rising, Lower Greensand at, 

i. 04 

Castlecary, limestone, i. 45 
Castleford, moulding sand at, i. 131; 

ii. 113 

Castlosido, silica rocks at, i. 43 
Castleton ganisior, i. I lO, 154 
Catalytic properties of kieselguhr, 
i. 108 

Cattormole floatation proert'ss, i. 425 
Caversharn Park. Heading beds at. 

i. tiO 

Cavities in sand grains, i. 171 
Cofn-y-fedw - 

bastard ganisler, i. 100 
(Quartzite, i. 142 
saivlstone, i. 40, 162 
Celestine, i. 195. 208, 209, 224 
Cetlula>*silica. i. 96, 173, 178 
Cement - 

in«ganister, i. 107 
in sand-rocks, i. 21 
standard sand for, ii. 34 
white, ii. 55 

Oomont grout as a filler for roads, 

ii. 70 * 

Marketing Co., Ltd., ii. .‘y 

e lasters, ii. 55 * 

Users’ Testing Association, ii. 27 


Cements - 

clay in, ii. 48, 49 
colloi<lal si^ea for, ii. 48 
composition of sand for, ii. 48 
drying sarul for, ii. 53 
effect trf brick dust on, ii. 50 
cinders <m, ii. 50 
dust on, ii. 5t), 51 
marble dust on. ii. 50 
mica on, ii. 49 
pozzuolana on, i. Oti; ii. 49 
shape of sand grains on, ii. 50 
size of .sand grains on, ii. 50 
trass on. i. («>; ii. 49 
grading sainl for, ii. 51 
hardness of sand for. ii. 52 
preparation of samls for, ii. 53 
jnnnice sand bir, i. 138 
.salts in, ii. 48 
sand list'd in. i. 138 ; ii. 42 
screi'tiing sand for, ii. 53 
silieooiis, i. 111 
silieie m'id in. ii. 53 
sources of sand for. i. 138 ; ii. 47 
testing sands for. ii. 53 
washing san<l for, ii. 5.3 
(Jontrifugai drying, i. 4t)7 
Sc[»arators, Ltd., i. 408 
Cerium com|)ounds. i. 197 
Ceylon, gi*m sands in, i. Ill, 114, 115 
rnetallifc'rouH sands in, i. 29, 108 
Chain conveyoi-s, i. 337, 339 
Chalctslony.Y 175, 208. 209, 224, 231 
effect of lieat on, i. 227 
sptS'itic gravity of, i. 221 
Chale, Ltjwer Greensand at, i. 03 
Chalfont. *St. Giles, Reading beds at, 
i. 08 
(9mlk-- 

in iilt<‘r sands, ii. 178 
in moulding sands, ii. 97 
in saml, effect of, ii. 4, 13 
C’lialk formation, i. 50, 60 
glauconite in, i. 181 
samls, i. 05 

use of, in briek-inaking, ii. 4 
soils, i. lOi 
Cbdlybite, i. 189 

Changes in volume of silica on heat¬ 
ing, i. 233 

CharacleristicH of sand.s, i. 79-108 
(hard, Upper Greensands at, i. 02 
(.'barging hor<4ioles, i. 303 
(.'barley Forest, oilstone in, i. 132 
(hurJton, H. W., ii. 112, 180 
Charlton, Woolwich l^eds at, i. 68 
Charlton glass sand, i. 67, 110 
moulding sand, i. 07, 163 
analysis o/, ii. 90 

* mineralogical com'position, ii. 91 
Charminster, Eocene at, i. 66 
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Chamwood Forest, oilstone in, i. 132 
Charterhouse, Hinton, Lower Oolite 
at, i. iiS 

Chaaer Mill, i. 37r» 

Chause Heath, Heading beds at, i. fi9 
Cheltenham, Lias at, i. 50 + 

Chemical action, influence of time 
on, i. 17 

Chemical analysis of sand, i. 237 
Chemical composition— 
of abrasive sands, ii. 212 
of moulding sands, ii. 85 
of sands, i. 202 

for brick-making, ii. 3, 6, 7 
for cements, ii. 48 
for chemical purposes, ii. 187 
for concrete, ii. 20 
for enamelling metals, ii. 130 
for explosives, ii. 220 
for filtration, ii. 178 
for furnace linings, ii. 138 
for glass-making, ii. 105 
for limo-sand bricks, ii. 10 
for mortar, ii. 48 
for |jla.stor, ii. 67 
for relining metals, ii. 120 
for refrjictory cements, ii. 1.54 
for roads, ii. 02, 04 
for silica bricks, ii. 147 
for silica cements, ii. 150 
for smelting metals, ii. 129 
for welding, ii. 130 
of soil, ii. 100 
Chemical industry - - 

composition of san<l for, ii. 187 
preparation of sand for, ii. 187 
properties of sand for, ii. 180, 187 
purification of sand for, ii. 187 
testing sand for, ii. 188 
uses of sand in, ii. 183 
Chemical methods of purification, i. 
433 

properties of sands, i. 204 
Chert, i. 175 
beds, i. 02 

use of, as an abrasive, ii. 200 
Chertsey, Bagshot beds at, i. 70 
Cheshain, Rocone be<ls at, i. 00 
Cheshire— 

Bun ter beds in, i. 54, 55, 131 
texture of, i. 220 
Crowstones, i. 109, 152 ; ii. 146 
Kouper Waterstones in, i. 53, 116, 
123. 124 ; ii. 194 
marine denudation in, i. 26 
moulding sands in, ii. 113 
New Red Sandstone in, i. 32 
Chester, Lower Trias at, i, 54 
Chesterfield, ganistcr n«ar, i. 49 
Cheviot Hills, Trap rocks in, i. 5 
Chichester, Eocene beds at, i. 00 


Chieveley, Eocene beds nt, i. 66 
Chile, gold placers in, i. 118 
Cbiltcrn Hills, i. 02, 75 
China, loess iii, i. 27, 125, 160; ii. 104 
tungsten-bearing isamls in, i. 100 
China clay-- 

formation of, i. 10 
properties of, i. 184 
sand, i. 01 
use of, ii. 140 

Chipping in litrie-sand bricks, causes 
of, ii. 10 

Chipstead sands, siliceous sponges in, 
i. 178 

Chislehurst, Woolwich bods near, i. 
08 

Chloric acid, action of, on car¬ 
bonaceous matter, i. 205 
Chloride of calcium in apatite, i. 
109 

Chlorides, offo(d of, on inversion of 
silica, i. 228 

Chlorite, i. 187, 207, 224 
action of jxc4d on, i. 205 
Chobham, Bagshot liods at-, i. 70 
Chobham Ridge, Bagshot bed.s on, 
i. 71 

Christchurch. Barton borls at, i. 72 
Chromite, i. 20, 198. 208, 200, 224, 231 
( ■hromium compounds in sands, i. 108 
Chrysoberyl, i. 115, 195 
Church (jiosloy, Bunter beds at, i. 
53 

Churchtown, sand dunes at, i. 28 
Chutes, use of, i. 315 
Chwarelo ganister, i. 100 
Cinders, use of, in concrete, ii. 25 
Clarendon Hill, Heading beds round, 

i. 68 

Clarke, F. W.. i. 173 
Classification of grains of sand, i. 211 
Classifiers, i. 307 
Classifying, i. 405 
with air, i. 400 
with waf-or, i. 384, 413 
Clay, calcined, effect of, in cements 
and mortars, ii. 49 
contraction of, restricted by sand, 

ii. 1 

definition of, i. 2 

effect of, on enamels, ii. 13C. 

on sand, i. 183* 225 
formation of, i. 16 
in cement sands, ii. 48 
in concrete sands, ii. 20, 27 
in niter sands, ii. 178 
in furnace sands, ii. 139 
in glass sand, ii. 199 
in loams,, ii- 95 
in mortar san«ls, ii. 48 
in moulding sands, ii. 87, 92 
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Clay— continxUd 
in sands, i. 182 

for foundations, ii. 13 
for iime*sand|l>rick8, ii. 12 
for roads, ii. 62, 63, 64, 66, 70 
for silica bricks, ii. 148 
rod, i. 33 

size of particles in, i. 2-11 
Clay bricks, use of sand in, ii. 1 
Clayey sand, i. 92 

Claygate beds, mica and heavy min¬ 
erals in, i. 217 

Claying furnace hearths, ii. 139 
Claystone, i. 6 

Cleanness of sand, testing, i. 244-246 
Cliddesden, Lower Greensand at, i. 63 
Clip for hniiinge rope, i. 314 
Clitheroo, Pormiiui sandstone at, i. /) I 
Clonakilty, shoi’o sands nt, i. 157, 158 
Close moulding, ii. 76 
Clowne, Permian beds at, i. 51 
Clun, Old Rod Sandstone at, i. 41 
Clydocli, ganistcr for furnace liearths, 
ii. 137 

Millstone Grit at, i. 47 
Clyde River sand, sizes of grains in, 
ii. 109 

* “ rotten rock,” i. 45, 163; ii. 113 
sand, cheinicul analysis, ii. 90 
mineralogioal analysis, ii. 91 
Coal-dust os opener for sands, ii. 119 
Coal Measure Sandstones, i. 42 
minerals in, i. 186, 196 
soils, i. 162 

Coalisland shore sand, t. 77, 83, 167; 
ii. 195 

Coarse sand, ilofinilion of, i. I, 211 
Coating loam, ii. 77 
Cobalt, earthy, i. 167 
Cobalt blue, use of sand in manufac- 
* lure of, ii. 229 
sands, i. 93 

Cobb, J. W., i. 191, 192 
Cobham, Ragsliot boils at, i. 71 
Cockerhain, Riinter bods at, i. 54 
CohesivenosA of moulding sand, ii. 83 
Coke dust for plasters, ii. 57 
Cokii^, use of sand in, ii. 228 
Colloid matter in sand, determination 
,|f. i. 245 

Colloidal gel, formation of, i. 18 
m^erals in sands, i. 171 
silica, 1 . 176 

use of, as bond in moulding 
sands, ii. 116 

use of, in sands for mortar, ii. 48 
state, change in^i. 18 * 

Colluvial sands, i. 93 
Collyrite, i. 183 ^ • 

Colorado, monazite s^d in, i. 128 
pumice sand in, i. 137 
VOL. n 
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Colour of glass, effect of iron on, 
ii. 197 

of moulding sands, ii. 79 
of sand bods, i. 144 
of sand/larkenod by burning, i. 434 
of sands, i. 205 

Columbia, platinum placers in, i. 
133 

Columbite, i. 209 

Columbus. Ohio, filtration plant at, 
ii. 180 

Oolwick, Bimter bods at, i. 54 
Commondalo, pencil-ganister, i. 110 
rock, i. 165 
Compact sand, i. 210 
Compos for lining funuicos, i. Ill ; 
ii. 156 

moulding, i. Ill ; ii. 79, 122 
Composition, chemical, of sands. »SVr 
Chemical composition of sands 
minoralogical, of sands. See 
Mineralogioal composition of 
sands 

Compressed liquids for power trans¬ 
mission, i. 302 

Compressive strength, determination 
of, i. 265 
of sand, i. 225 
Compressors, air, i. 300 
Compton, Bunter sand at, i. 66 , 131 
Concentration by air, i. 427 
by floatation, i. 425 
by magneto, i. 428 
liy water, i. 413 

Concentrators, electrostatic, i. 432 
sloping table, i. 416 
Concentric screen, i. 460 
Concrete, ii. 22-41 

composition of sands fur, ii. 26 
criKshing sands for, ii. 40 
effect of dust on, ii. 33 

grading sand on porosity of, ii. 39 
voids in sand on, ii. 35 
grading sand for, ii. 35-38, 40 
hardness of sand for, ii. 39 
ideal sand for, ii. 37 
preparation of sands for, ii. 40 
roads, ii. 63 

shape of sand grains in, ii. 31 
size of sand grains in, ii. 32 
sources of sand for, i. 76, 77, 78, 
85. 144, 155, 183; ii. 23 
specific gravity of sand for, ii. 39 
standard sand for, ii. 34 
stone for, ii. 24 
testing sand for, ii. 40 
use of sands in, ii. 22 
tosca in, i. 105 

• volume weight of stfnd for, ii. 39 
washing sand for, ii. 40 
Concrete Institute, ii. 32, 33, J4, 38 
B 
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Conductivity, electrical, of various 
minerals, i. 224, ^33 
Cone elutriator, i. 394 
Congleton erowstonea, i. 109, l.')2 
Conglomerates, i. 29 » 

Conglomeratic quartzite, i. 138 
Conical scroona, i. 451 
washei'S, i. 394 
Consett — 

ganiaicr at, i. 43, 48, 108,100 
silica rocks at, i. 43, 48, 152 
Constantineaco, C., i. 302 
Constituents of sand, i. 169 
Continuous kilns, i. 437 
Contraction of clay, restriction of, by 
sand, ii. 1 

Converters, sands for, ii. 136 
Convoying the stripped material, i. 
281 

Conveyor— 
belt, i. 383 
output of, i. 331 
scraper, i. 383 
screw, i. 382 
transverse, i. 471 
Conveyors, i. 328 
fixing, i. 332 
for de-watering, i. 403 
Conway, pocket sands at, i. 43 
Cookstown, calciferous sandstone, i. 
42, 131, 151 

Cooling, effect of, on fused silica, 

i. 230 

Coolkeeragh sandstone, i. 42 
Coon, J. M., i. 9 

Copper oi*cs, smelting, sand for, ii. 129 
sand, i. 93 

smelting furnaces, sands for, ii. 134, 
139 

Coprolite, i. 199 
Coral Rag, i. 58 
sands, i. 35, 93 
Corallian Rag, i. 57 
Coralline Crag, i. 73 
Corbv, Kstuarine sands at, i. 59, 116 
Cordierite, i. 115, 188, 194, 208, 209, 
224 

Coro drill, use of, i. 270 

gum, as bond in moulding sands, 

ii. 117 

sand, mixtures, ii. 121 
sands, ii. 79 

calcium carbonate in, ii. 97 
chemical composition of, ii. 87 
clay in, ii. 96 
properties of. ii. Ill 
shape of grains in, ii. 105 
size of grains in, ii.. 107 
Cork, shore sartds at, i.' 157, 15^8 ' 

Combrash beds, i. 58 
soils,, i. 162 


Cornish crucibles, ii. 152 

moulding sands, iron in, ii. 99 
red mouldhig sand^, i. 73 ; ii. Ill 
sand, sizes of gi‘ains in, ii. 109 
sands, i. 134 

yellow moulding sand, i. 73 ; ii. Ill 
Cornwall 

china clay sands in, i. 91 ; ib 146 
granite rocks in, i. 3, 4 
moulding sands in, i. 131 ; ii. Ill 
pliocene stinds in, i. 73, 76, 131, 
133-134; ii. Ill 
sand dunes in, i. 25, 26, 27, 83 
tin-bearing sands in, i. 164 
trap rocks in, i. 5 
Corubin, i. 96 ; ii. 209 
Corundum, i. 93, 194, 208, 209, 224, 
231 

act ion of acid on, i. 204 
artilkaal, i. 94 
as an abrasive, ii. 153 
purifying, i. 434 

V. Carborundum as an abrasive, 
ii. 21ti 

Cost of removing overburden, i. 281 
(\)tswold Hills, i. 75 
Inferior Oolite in, i. 59 
Liiis in, i. 56 

Counterpoise separator, i. 401 
Cowrie sandstonas, i. 45, 151 
Cracking due to lime, i. 191 

in bricks prevented l»y san<l, ii. I 
(Vadle concentrator, i. 416 
(’raigleitb quarries, i. 42 
(^ranboiirne. Koceiie beds at, i. 66 
Cranes, i. 288 

Crank, Olaidal sands at, i. 75, 116 
Cray Boxstones, mica and heavy min¬ 
erals in, i. 217 

Crayford, Thanet sand at, i. 67, 18^1 
Cretaceous sands, i. 96 
System, i. 60 

Crewkerne, Mififord sands at, i. 59 
Cristobalite, i. 176, 177, 208 
formation of, i. 22t), 228 
identification of, i. 177' 
melting point of, i. 230 ' 

metastability of, i. 229 , 

volume changes caused by forma¬ 
tion of, i. 233 
Crofton, H. T., i. 27 
Cromer Forest, Pliocene beds in,,\ 73 
Crook, bastard ganist^er at, i. 109 
silica rocks at, i. 50, 109 
Crook, T., i. 253, 258 
Crookhaio, Bagshot- Ixids at, i. 71 
Cross Quarry, i. 4ir 
Crossens Shore, “ slutch ” on, i. 26 
Crossley Fmgine^ing Co., i. 368 
CrowborougTi, Hastings bods at, i. 61 
Crowstones, i. 109, 152 
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Croydon— 

Reading bedfl at, i. 0^ 

Thanot r^ds flear, i. ^ 

Woolwich bedfc^at, i. (18 
Crucible fiimaoofl, sands for, ii. 136 
Crucibles, ii. l.')^ 
sands for, ii. 152 
Crushers, feeding;, i. 361 
Crushing and grinding, i. 34(5 
Crushing materials for abrasives, ii. 
223 • 

for chemical industry, ii. 187 
for concrete, ii. 40 
for filters, ii. 182 
for giasS'inaking, ii. 201, 202 
for lime-sand brick.s, ii. 17 
for moulding sands, ii. 122 
for refractory materials, ii. 158 
for roods, ii. 72 
precautions in, i. 350 
rolLs, i. 356 

strength, ilctormination of, i. 265 
of moulding san<is, ii. 101 
Crystalline minerals in sand.s, i. 170 
silica, i. 173, 176 
Crystallites in sands, i. 170 
Crystolon, i, 86, 89. 216, 210 
fciiba, asphaltic sands in, i. 81 
(’ulbin sands, i. 77, 83 
shape of grains in, i. 220 
Culver Cliffs, Kocene strata in, i. 66 
Cumberland— 

Archean rocks in, i. 3, 38 
bastard ganister in, i. 46, 50, 108 
(jlacial sands in, i. 76, 115 
moulding .sands in, ii. 113 
sand bills in, i. 26 
silica rocks in, i. 46, 50. 51, 55 
Cupelling furnaces, san<l for, ii. 135 
Cupola.s, .sarul for, i. 51, 111, 154 ; ii. 
134 

Curracloe, blown sands al, i. 83 
Currio Glen quarries, i. 42 
Curtis, A. L., ii. 101 
Cutter bricks, use of .«and for, ii. 7 
Cwmtwrch, liilica rock, i. 48, 142 
Cyftlono separators, i. 467 
• 

Dacite, i. 6 

DaddrjtSbield, bastard ganister at, 
i. 43, 108 

Dakota, monazito sand in, i. 128 
pumico sand in, i. 137 
Dalmally, molamorphic quartzite, 
i. 39 

Dalradian quartzites, i. 77 ^ 

Danube, transportSitiori of material 
by, i. 12 . 

Dark sands, cause of^. 20r, 205 
Darlington, Bunter beds at, i. 53 
Dartford, Eocono beds at, i. 66 


Dartmoor, ff\iviatile sand neui, i. 29 

Davidson, i. 369, 370 

Davies, i. 181 

Davis, .1. L., ii. 29 

Day and<H!nq))K'rd, i. 230 

De Bavay floatation jn*ocess, i. 425 

Dead sand, restoring, ii. 126 

l.kH', sand banks in, i. 26 

Deep lewis, i. 133 

Doe poor. 

Imstard ganister at, i. 110 
ganister at, i. 49 
“ white flint " at. i. 155 
D«'«'p-s<'a depi,)sits, i. 33 
Deej)syk(‘h«*ad, bastard ganister at, i. 
108 

Definition of clay, i. 2, 211 
of sand. i. 1, 211 
of silt, i. I, 211 
Dcforitud)ili(.y of sand, i. 225 
Dehydndion, i. 9 
DelaiKi waslKT, i. 394 
Delivering sands, i. 4159 
Dolprat floatation process, i. 425 
Deltaic deposits, i. 77 
Deltas, i. 30 
Dofnant(>id, i. 11! 

J.)empster & Sons, Ltd., i. 335 
Denbighshire. Millstone Grit in, i. 4(5 
poeket sanrl-s in, i. 43, 116, 131, 136 
Deiiford, Kstuarim^ sands at, i. 59, 
103.104. 116 
D(>nsity of sands, i. 221 
of soil, ii. 173 

Ihmtal ceincnts, use of sand in, ii. 42 

Depeti'r. ii. 55 

Derbyshire- 

bastard ganister in, i. 46 
Bunter beds in, i. 54 
ganister in, i. 49, 50, 106 
Kou]>er l)e<l.s in. i. 53 
Bermian beds in, i. 51 
)>oeket sands in, i. 42, HI, 116, 
131, 134, 135. 146, 168. 190; 
ii. 137, J46, 149. 194 
rottenstotie in, i. 44 
trap rocks in, i. 5 
Desert, sands, i. 22, 23, 84, 85 
Despatching sands, i. 469, 475 
Detergent, use of sand os, i. 158 
Detonators, i. 305 
Dedrital minerals in sands, i. 133 
Devizf's, Greensand beds at, i. 02, 
63 ; ii. 112 

Devonian sand rocks, i. 41 
Devonshire— 
adolje in, i. 755 
ganister roej^s in, i. 4, 5 
* kaolin sands in, i. 72 ; il. 146 
Keu|a)r Ixwls in, i. 53 
oilstone in, i. 132 
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Dovoiislure---contitmeiZ 
sand bars in, i. 30 , 

dunes in, i. 20 
trap rocks in, i. 5 
Upper (ireensand in, i. 1^1 
White bricks in, ii. 3 
De-watering sands, i. 401 
Diallage,!. 179 

Diameter of sand grains, i. 211 
Diamond— 

as an abrasive, ii. 210 
properties of, i. 96, 208, 209, 224, 
231 

sources of, i. 96, 112, 133 
use of, i. 90 

Diamond Coal Cutter (/O., i. 330 
dust grading, ii. 224 
gravels, liydraulii^king, i. 292 
Diaspore, i. 194 
Diatom sands, i. 33, 96 
Diatomoceous earth, i. 90 
ooze, i. 100 
sands, i. 35, 96 
Diatoms, 1. 24, 96 
Dibdon, W. T., ii. 49 
Dick, A. B., i. 81. 178, 243 
Didcot, Upper Greensand at, i. 02 
Digswell, Koceiio strata at, i. tit) 
Diluvial sands, i. 100 
Dinas rocks, i. 142 
sand, i. 100, 207 
Diopside, i. 179, 208 
Diorite, i. 3, 4 
-porphyry, i. 0 
Dirt in sand, i. 244 
in sands for cements, ii. 49 
for concrete, ii. 20 
for filters, ii. 178 
for fire-bricks, ii. 147 
for gla.ss-making, ii. 198 
for iime-sand bricks, ii. 13 
for mortars, ii. 49 
for refractory purposes, ii. 141, 
147 

for roads, ii. 02, 71 
in sands, removal of, by burning, 
i. 434 

Disc feeder, i. 363 
Discharging conveyors, i. 333 
Discoloration, i. 206 
in lime-sand bricks, ii. 18 
Disintegrator for milling sand, ii. 122 
Disintegrators, i. 352, 353 
Disposal of overburden, i. 281 
Distribution of sands, i. 37-78 
Diverters on conveyors, i. 330, 333 
Dolerite, i. 3, 6 

weathering of, i. 14, 

Dolomite, i. 104, 208, 209, 224 
action of acid on, i. 205 
Dolonvte sands, i. 101 


Don and Chisholm, ii. 1§1 
r^on Valley, ganister in, i. 49 
Doncaster, Bunter sabds at, i. 53, 55, 
131 ; ii. I12«’ 
moulding sand, ii. 112 
Donegal 

glass sands in, ii. 195 
gi'anitic rocks in, i. 4 
metmnorpbic rocks in, i. 39, 40, 
140, 435 

shore sands, i. 77, 157, 168 
Dorchester, Eocene hods in, i. 70 
Dore. ganister at, i. 49 
Dorman, W. H.. & Co., Ltd., i. 302 
Dorr classifier, i. 39t> 

Dorr C-o., Ltd., i. 397 
Dorse t- 

Eoceue l)eds in, i. 60 
Forest marble in, i. 58 
Jiias ill, i. 50 
Midford sands in, i. 59 
T’urbeck betls in, i. 57 
white bricks in, ii. 3 
Dorset ball clays, i. 72 
Donlting, Midford saruls at, i. 59 
Dovey, alluvium in mouth of, i. 80 
Dowlais, silica rooks at, i. 47 
Down Co., gla.ss sands in, ii. 195 ‘ 

shore sancls in, i. 77, 167, 158 
Downdraught kiln, i. 430 
Downlmm Market, Lower Greensand 
at, i. 04 

Downton. Eocene beds at, i. 60, 68 
Drag-belt do-watemr, i. 403 
-line excavators, i. 280, 282 
-plate conveyors, i. 337 
Drag-lielts, i. 402 

Drf^^oon Mountains, tungsten-bearing 
sands in, i. iOO 

Drainage of pits and tpmrrios, i. 277 

Di’aincrs for wet sand, i. 402 

Draining belts, i. 400 

Draper, J, M.. i. 3t>3 

Draper washer, i. 393 

Dredging sands, i. 292 

Drift,!. 101 

Drilling boreholes, i. 297 
Drills, i. 298 

Drum Mine ganister, i. 48 
washers, i. 389 t 

Drumbathie, “ I'otton rock *' at, ii. 

113 <. 

Drumcavil, “ rotten rock ” at, i. 48. 
131 ; ii. 113 

Dry sand moulding, ii. 70 
sands,^ii. 77 

Drying abrasive ffowdors, ii. 225 
bricks, use of sands in, ii. 7 
by heat, i. 4(Vij 
centrifugally, i. 407 
cylinders, i. 409 
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Drying pan#, i. 408 

sand for brick-making, ii. 8 
for c^inenta, ii. 53g 
for glass-mt^ing, ii. 204 
for limo-sana bricks, ii. 17 
for mortar.s, ii. r»3 
for moulding sand, ii. 113 
for pottery manufacture, ii. 190 
for refractory purposes, ii, 109 
for roads, ii. 72 
towers, i. 408 

troughs, i. 408 • 

Dublin, blown sands near, i. 83 
shore sands near, i. 77, 157, 158 
Dublin glass shimIs, ii. lO.O 
Dudley, P<'rrnian samlstonos near. 

i. 01 
Duff, i. 109 

Duke’.s Hill, Bagshot Is'ds at, i. 71 
Dulsie Bridge, river sand, felspar in. 
i. 184 

Dumfriesshire, gltvial drift in, i. 75 
siliceous samistones in, i. 49, 00 
Dump, i. 109 

Dunbar, silica rocks at, i. 40 
Dunbar red soil, ii. 104, 105 
Dundry, inferior Oolite at, i. 59 
Dune sands, i. 77, 199 
for bottle-making, ii. 195 
shape of grains in, i. 220 
Dunes, i. 23 

Dunmow, glacnal drift at, i. 75 
Dunton Green, Folkfistone l)e<ls at, 

i. 181 

Dunwich, Red crag at, i. 58, 73 
Durability of abrasives, ii. 211 
of polishing sands, ii. 210 
Durham, bastard ganisters in, i. 48, 
49, 50, 107-108, 109 
Hunter sands in, ii. 113 
glacial sands in, i. 70, 115, 131 : 

ii. Ill 

size of grains in, i. 115 ; ii. 107. 
109 

Keuper saiulstone in, i. 53 
moulding sands in, ii. Ill, 113 
• used in, ii. 112 
silica rocks in, i. 43, 44, 40, 48, 51, 

* 149,151 

l^okite in, i. 190 

Durleston Head, Portland beds at, 

Duror, metamorphic quartzite at, i. 
39 

Dursley, Lias at, i. ^6 
Dust— 

effect of, in cei»ont, ii. ®1 
in concrete, ii. 33 
in filter sands, ii. 171^ 
in glass sands,199, 200 

• in lime-sand bricks, ii. 14 


I Dmt—continueit 

eff«x*t of, in mortar, ii. 51 

in inotdliiiig stinds. ii. 105. 106> 
108 

in mfractory materials, ii, 150 
in roads, ii. 03, 04, 0(> 
sand. i. 1, 211 
sizti of particles in. i. 211 
l.)usting in lime-sand bricks, causes 
of, ii. 19 

sand for pottery, ii. I!10 
ware, sands for. ii. 13t> 

Dutch Indies, i. 104 
Dutch sand- - 

for furnace licartlis an<l linings, ii. 
139 

for gl»i.ss-making, ii. 199 
for moiilding, ii. Ill 
Dutch 1'aiTass. i. 105 
Dulcliworth, Koceno strata at, i. Oti 
Dye, nbs«»r]jtion of, by sand, j. 245 
-test, for sand, i. 245 
Dykehoad gaiiister pit, i. 48 

Kartliy cobalt, i. 107 
stind, i. 210 

East Griustead, 1’unbridgo Wells 
sand at, i. 01, 121 

East Hoatliby, 'I’unbridgo Weills sand 
at, i. 01 

Kostbourne, Woalden beds near, i. 
00, 03 

Kosthampstt'ad Plain, Bagshot beds 
on, i. 71 

Eastwood. T., i. 40 

Edgebiirrow Hill, Bagshot Ix^tls on, 

i. 71 

Edgchill, i. 75 

Edgerley Hill, Reading beds on, i. 08 
Edge-runner mills, i. 359, 374. 381 
for wet grinding, i. 381 
Edinburgli, moulding sands used in, 

ii. 112 

silica rocks near, I. 42, 45, 151 
I'Mwards, L. N., ii. 38 
Effect of imjiurities in sands. See 
under their variou.s names 
Egham, Bagshot beds at, i. 71 
Eggleston ganisier, i. 107, 108 
silica rock, i. 43 
Egypt, desert sand in, i. 23 
porphyry in, i. 5 
Eifel, polagonite tuff at, i. 100 
Eigg, shore sands in, i. 157, 158 
Electrical charge on sand grains, i. 23 
conductivity of sands, i. 224 

separation of minerals by, i. 268 
Electrolon, i. 86 ; ii. 210 
• Electrostatic concentrators, i. 432 
separation, i. 258 
separators, i. 258, 432 
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Elevators, i. 3H9 
aa drainers, i. 402 
capacity of, i. 340 * 

Ellesmero, Buiitor beds at, i. 54 
Elutriation, i. 252 ^ 

effect of Hocculat ion on, i. 254 
variables on, i. 255 
Elutriators, conical, i. 394 
for washing sands, i. 301 
Eluvial sands, i. 101 
KIvans, i. 3, 5 
Emeralds, i. 133 
Emery, i. 101 ; ii. 219 
cloth, tincness of, ii. 221 
paper, fineness of, ii. 221 
Empii*e atone, ii. 20 
Enamelling metals, sand for, ii. 130 
Endoll, K., i. 22(5, 228, 229 
Emllesfl belt litted with InK-kets, i. 383 
haulage, i. 312 
Endomorphs in sands, i. 172 
EnstatiUs i. 179. 208, 209, 231 
Eocene beds, i. (>(5*72 
sands, i. 66-72, 102 

for glass'inaking, ii. 194 
for limo-sand liricks. h. 10 
for moulding, ii. Ill 
soils, i. 1(51 

Ephesus, emery at, i. lOl 
Ei)idoto, i. 187, 208, 209, 224, 231 
action of ludd on, i. 205 
soda on, i. 204 

Epigonic oedions on rocks, i. 7, 9 
Epping, Bag.shot bods at, i. 70 
glacial drift at, i. 75 
Epsom, clayey samls at, i. 93 
fire-bricks from, i. 93 
Reading bods at, i. (57 
Erasers, use of sands as, ii. 228 
Erith facing sands, ii. 104 

medium sand, sizes of grains in, 
ii. 108 

mild sand, size of grains of, ii. 107 
moulding sand, i. (57, 168; ii. 80, 
111, 112, 121 

chemical comjmsition of, ii. 90 
mineralogical composition of, ii. 
91 

surface factor of, i. 213 
texture of, ii. 107, 108 
strong sand, sizes of grains in, 
ii. 108 

weak sand, sizes of grains in, ii. 108 
Erratic block quartzites, i. 143; 
ii. 143, 149 

Esher, Bagshot sands at, i. 71 
Eskers, i. 76. 102 
Essential minerals, i. 172 
Essex— ' 

alluvium in, i. 80 
Bagshot beds in, i. 70 


Esse]. .. 

brick moulding sands in, ii. 6 
'Fiocene bed(^- in. i. (V3-72 • 

Reading beds in, j, (58 
'I'hanot beds in, i. 67 
white bricks in, ii. 3 
Estuarine sands, i. 30, 102 
(Oolite) sands, i. 59, 102 
staurolite in, i. 182 
use of, for glass-making, ii. 194 
Etna, volcanic sands from, i. 36 
Eva'iis & Sons, Ltd., i. 293 
Evaporation of water from sands, i. 
408 

Eversley, Bagshot beds at, i. 70 
Ewart chains, i. 339 
Ewell, Heading bods at, i. (59 
Ewell fire-bricks, i. 93 
Ewshot. Bagshot beds at, i. 71 
JOxamination of sands, i. 235-268 
Exbourne, Ih^rmian l^ds at, i. 52 
Excavators, i. 280, 282-290 
for removing overburden, i. 280 
Exeter, Permian beds at, i. 52 
Expansion— 

(tocflicietit of, of (piartz, i. 233 
of silica, i. 234 

joints, ii. (59 * 

of quartz, i. 233 
FiXploders, i. 305 
Explosives. 

composition of sand for, ii. 226 
dryness of sand for, ii. 227 
for blasting, i. 280, 303 
porosity of sand for, ii. 226 
pmparation of kiosclguhr for, ii. 227 
size of grains of sand for, ii. 227 
sources of sand for, i. 166 ; ii. 227 
tests of .sand for, ii. 227 
use of sand in, ii. 22(5 
Extenders, use of sands as, ii. 228 

Kabl>roni, ii. 20 
Facing sand - - 

(coai*8e) sieves for, ii. 114 

composition of, ii. 120 

(fine) sieves for, ii. 114 

for casting iron, ii. 121 

for metal moulds, i. 81, 88, 4,04; 

ii. 77 ^ 

openers for, ii. 119 
preparation of, ii. 115 
properties of, ii. 108, 110 ’ 

Fairhaven, sand ^dunes at, i. 28 
Fairlee, Old Red dandstono near, i. 41 
Fairlight clay, i. 61 
sands fcbrick-ncaking, ii. 3 
for glass-making, i. 116 
Falkirk me ilding sand, ii. 113 
silica rock, i. rod 
Fans, alluvial, i. 29 
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Faroham, Eocene strata at, i. 66 
Farewell rock, i. 46, 47 
Faringdoa i, 64 ^ 
Famborough, Kt^dingnods at, i. 60 
Famham fij'estoi^s, i. 14H 
Faroe isles, palagonite till? in, i. 
166 

Fauldliouse, silica rocks near, I. 45 
Federated Malay States, iiionazile 
sand in, i. 129 

iung8ten-l)earjng sands in, i. 166 
Feeder screens, i. 456 
Feeding devices— 
automatic, i. 582 
for conveyors, i. 353 
for crusliers, i. 561 
Felixstowe, R<hI Crag at, i. 75 
Felsite, i. 5, 5 
Felspar— 

action of acid on, i. 204 
of soda on. i. 204 
decomposition of, i. 15, 16, 20 
for plasters, ii. 57 
formation of crystals of, i. 8 
in hypabyssul rocks, i. 5. 6 
in moulding sands, ii. 87, 98 
in plutonic rocks, i. 5, 4 
in sands, i. 184, 185, 205 
kaoHnisalion of, i. 15, 16 
limo compounds in. i. 191 
properties of, i. 184, 209, 224, 251 
weathering of, i. 15, 16, 20 
Felspar-quartz mixtures, fusibility 
of, i. 185 
Felstone, i. 

-poriihyry, i. 6 
Fonnor, C. N., i. 228, 250 
Fens, silt soils in, ii. 164 
Feret, ii. 27, 30, 35, 56 
Feret’s triangular diagram, i. 214 
Ferguson, i, 228 

Fermanagh, glacial beds at, i. 75 
Ferric hydroxide os a binding agent 
in moiihling sands, ii. 99 
Ferriferous amphiboles, i. 224 
cassiterite, i. 224 
^Jjerro-magnesian minerals, i. 207 
-silicon alloys, ii. 184 
Feifuginous sands, i. 104 
Fettling furnaces, sand for, ii. 134 
FfritlR silica rocl« at, i. 47, 152 
B’ibrox, i. 86, 90 ; h. 210 
Fifbshire— 

calciferous sandstones in, i. 42 
diatomaceous oai^h in, i. 97 
glacial beds in, i. 75 
Fifield, platinum^ltwers i§, i. 155 
Filaments in sands, i. 172 
Filey, action of springs ^ coast-lino 
at, i. 12 • 

glacial drift at, 1. 75 


Filler for asphalt roads, ii. 06 
for roads of bricks, wood, or stone* 
ii. 70 * 

sainl, use as, i. 158 ; ii. 228 
B'illing or loading, i. 508 
B'ilin fkuAation, i. 425 
b’iltcr-jMc.ss, i. 404 
Filters - 

composition of sand for. ii. 178 
for dust and air, i. 465 
made of sand, ii. 176 
preparation of sand for, ii. 182 
shape of sand grains for. ii. 178 
size of grains in. ii. 179 
.sources of san<l for, i. 40, 41, 42, 
104, 147, 185 ; ii. 181 
testing sand for, ii. 182 
washing sand for, ii. 182 
Filtratirm 

as a means of drying, i. 404 
of sand, i. 210 
use of sands for, ii. 176 
Finchley, Ragslmt beds at, i. 71 
Findhoni River, felspar in sands of, 
i. 184 

saml duuoH near, i. 26 
Kindlings quartzite, i. 145 
use of, for silica bricks, ii. 149, 151 
Fine sand - 
dennition of, i. I, 211 
size of particle, i. 211 
use as a <*hernical, ii. 185 
Fineness ■ 

ot abrasive cloths and papers, ii. 
221 

of sands, i. 217. »SV<; also under 

various industries 
Finishing loam, ii. 77 
B'ire-bricks - 

clay in sands for, ii. 148 
composition of sand for, ii. 147 
fluxes in sands for, ii. 147 
impurities in sands for, ii. 147 
preparation of sand for, Ii. J51 
refractoriness of sands for, ii. 148 
resistance to toraporature changes 
of, ii. 150 

shape of sand grains for, ii. 140 
size of sand grains for, ii. 150 
sources of sand for, i. 55, 95 ; ii. 
145, 146-147 

specific gravity of sand for, ii. 149 
testing sand for, ii. 151 
B'ireproof ware, ii. 154 
Fire-sand, i. 1, 86, 89< 104 

use of, for furnace linings, ii. 137 
for refractory materials, ii. 152, 
155 

, B'irestone SiJj, i. 45 
Firtk of Clyde, Olu Red Sandstone 
round, i. 41 
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Firth of Tay, Old* Red Sandstone 
rounds i. 41 

Fittleworth, Folkestoneiiands at, i. 63 
Flimby, silica rocks at, i. 50 
Flint, i. 174 

effect of heat on, i. 227 * 
for chemical purposes, ii. 185 
fusibility of. i. 231 
glass, sand for, i. 65 
specific gravity of. i. 221 
Flintshire, pocket sands in, i. 43, 135 
silica rocks in, i. 46, 116 
Flinty sand, i. 210 
Flitwick, Lower Greensand at. i. 64 
Float stone, i. 176 
Floatation, purification by, i. 425 
Floating bricks, ii. 20 
Flocculation, effect of. on olutriation, 
i. 254 

Floor of pit or quarry, i. 270 
Floor sand, ii. 77, 121 
clay in, ii. 95 
moisture in, ii. 100 
. sieves for, ii. 114 
size of grains in, ii. J07 
“ Flotation.” jS’ee Floatation 
Flour as bond in moulding sands, ii. 
117 

Flow of sands, i. 225 
determination of, i. 267 
Fluid inclusions in sand, i. 171 
Fluoride of calcium in apatite, i. 199 
Fluorite, i. 208, 224 
Fluorspar, i. 191, 209, 2.31 
Fluviatile sands, i. 28, 104 
Fluvio-glacial sands, i. 34 
•marine deposits, i. 30 
Fluxes— 

effect of, on inversion of silica, i. 
228 

in brick-making sands, ii. 3 
in furnace sands, ii. 140 
in moulding sands, ii. 96 
in sands for fire-bricks, ii. 147 
for glass-making, ii. 198 
for refractory purposes, ii. 147, 
149,153 

for silica bricks, ii. 147 
Fluxing, sand for, ii. 129 
Foliated sand, i. 210 
Folkestone sands, i. 62, 63, 118-119 
for brick-making, ii. 3 
for furnace hearths, ii. 137 
minerals in, i. 181, 204 
Fontainebleau sand, i. 65, 72, 119, 201 
chemical analysis of, ii. 90, 195 
mineralogical composition of, ii. 01 
shape of grains in, ii. 109 
size of grains,in, ii. 200 i 

use of, for glass-making, ii. 105 
Foraminiferal sandsi i. 33, 35, 104 


Fordingbridge, Bagshot beds at, i. 71, 
81, 118 

ftlird's stone,fii. 20 c. * 

Forest Marble bods^ i. 58 

Forest of Dean, bastard ganister in, 

i. no 

Formation of clay, i. 16 
of placers, i. 29 
of sand hills, i. 24 
of sands, i. 2 

of Secondary deposits, i. 20 
of Tertiary deposits, i. 21 
Fonnby, sand dimes at, i. 28 
Forms of silica in sands, i. 173 
Forrest, ii. 65 

Fort McMurray, oil sands at, i. 131 
Foundations, uses of sand in, ii. 73 
Foundry sands. See Moulding sands 
Foundrymen’s Association, fineness 
tost, i. 213 

Fourstones silica rock, i. 43 
Foyle River, shore sands, i. 77 
Frame sieves, i. 445 
France • 

asphaltic sands in, i. 81 
diatoma<!Oous earth in, i. 97 
gaize in, i. 148 
loess in, i. 31 

phosphate sands in, i. 132 
pozzuolana in, i. 136 
silver sand in, i. 159 
standard sand in, i. 163 
Free silica, i. 173 
Freestone, i. 148 
French sand--- 
iron in, ii. 99 
red, ii. 90, 91 

size of grains in, ii. 107, 109 
use of, for foundries, ii. Ill 
for furnace hearths, ii. 137 
for gloss-making, ii. 194, 195 
yellow, sizes of grains in, ii. 109 
Froshfiold, sand dunes at, i. 25, 27 
Freygang woslier and separator, i. 
390 

Friable rock, i. 210 . 

Friction sands, use of, ii. 229 
Frink, ii. 196 
Frome— 

Great Oolite at, i. 59 
Lias round, i. 57 
Lower Oolite at, i. 58 
Frost, effect of, on rocks, i. 9, 10' 
Froth fioatation, purification by, i. 
425 

Friio vanner, i. 419 

Fulham, (grading pf road sands at, 

ii. 67 

Fuller anddThompson, ii. 37 
Fuller’s earth, i.^9 
grading graph, i. 216 



INDEX 


249 


I'umoco - 

construction of. ii. 133 _ 

8ourccs*of saud for, 14 ^^I, 45. 47, #8, 
49. 64. 71. 76, 77, 104, HO, 
121, 135, 141 ; ii. 137 
Furnace linings— 
sourcos of sand for, i. 39, 41, 42, 
44, 46, 47, 48, 49. 51, 52, 63, 
64, 104, 105, 111, 143, 153, 
154; ii. 129, 137 
use of sand for, ii. 129, 132 
Furnace paint, ii. 158 * 

Furnace sands- 

compoaition of, ii. 138 
graded, ii. 142 
impurities in, ii. 139 
preparation of, ii. 142 
properties of, ii. 138 
refMcturinesK of. ii. 138 
shape of grains in, ii. 141 
si/.o of grains in, ii. 141 
testing, ii. 143 
Furnaces 

blast, saiul for, i. 51 
reverberatory, i. 437 
rotary, i. 437 
Fused ttluiriina, ii. 158 
quartz, i. 176 ; ii. 192 

•ware, aaml for, ii. 196, 200 
sand, ii. 154 

silica, reveraion of, i. 230 
•ware, ii. 192, 200 
•ware, sand for, ii. 106, 200 
Fuses for explosives, i. 305 
Fusibility - 

of oliunina-silica mixtures, i. 195 
of calcium - phosphate - silica mix¬ 
tures, i. 199 

of lime-silica mixtures, i. 192 
of mica-quartz mixtures, i. 187 
of orthoclase - quartz mixtui-es, i. 
185 

of sand, i. 230 
of silica, i. 229 

of titanium oxide - alumina mix¬ 
tures, i. 197 
•silica mixtures, i. 197 
of various minerals, i. 231 
Fusible sands, i. 104 
Fusic^ point, i. 232 
range, i. 232 

oAbro, i. 3, 4 
Gair limestone, i. 4^ 

Gaize, i. 148 
Galena, i. 224 
Galway, granites»m, i. 4 • 
metariiorphic rocks in, i. 39 ^ 
Ganges, detritus c^ried ^y, i. 30 
Ganietor— 
as opener, ii. 118 


Ganister —continued 
bastard, i. 105, 107 
See ofooiiGanister, soimres of 
sources of, i. 48, 49, 51, 104, 141, 
151, 153, 154 
true, i? 105 

Ganister bricks, i. Ill ; ii. 144 
sand for, i. 44 
compositions, ii. 156 
mixture for steel works, i. 110, 111, 
143 

sand, i. 50, 111, 135 
sources of, i. 42, 46 
(Gardner & Sons. Wm., i. 453, 454 
Garnet, i. 20, 29, HI. 115, 188, 208, 
209, 224, 231 

Garnet pa|)er for cabinet work, ii. 221 
for woodwork, Hiienoss of, ii. 221 
Garnet sands, i. 111 
ns abrasives, ii. 210 
Gamgat! “rotten rocks,” i. 48, 131, 
153; ii. 113 

use of, ns moulding sand, ii. 113 
Garnkirk “rotten rocks,” i. 48. 131 
use of, as moulding sands, ii. 113 
Garstang, Millstone Grit nt, i. 46 
Garth Mine, silica rocks at, i, 152 
(Jartverrie, silica rocks at, i. 48; ii. 
137 

Gas inclusions in sand, i. 171 
-making, use of sand in, ii. 228 
sands, i. 112 

works, sand for, i. 51, 154 
Gault, i. 65 
clay, i. 61 
soil, i. 161 

Gauze semens, i. 444 

Gay ton, Lynn sand at, i. 64, 65, 120, 

131 

Gee, W. J., i. 408 
Geikie, i. 24 

Gelatinoiis silica, action of acid on, 

i. 204 

Gels, colloidal, formation of, i. 18 
Gem gravels and sands, i. 93, 112 
Georgia, diamonds in, i. 114 
Gennan yellow sand, sizes of grains 
in, ii. 109 
Germany— 

amorphous quartzites in, i. 143; 

ii. 161 

diatomaceous earth in, i. 96 
filter sands used in, ii. 180 
geyserite from, for gloss-making, 
ii. 195 

limonite in, i. 189 
standard sand in, i. 163 
Getting the sand or ro<!k, i. 277 
I Geyserite, i. ^6, 159» 174, 176 
ef^ct of heat on, i. 227 
specific gravity of, i. 221 
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Goyserite —continued 

use of, for furnoco Unini^s, ii. 137 
for ^lass-making, 

Giant’s Causeway, trap rocks on, i. r* 
Gilbert conical screen, i. 459 
Gllligan, i. 217 * 

Gilpin (/oiinty (concentrator, i. 419 
Glacial action on rocks, i. 9, 11 
drift, t. 34, 74-76 
sands, i. 33, 74, 115 
as abrasives, ii. 222 
as moulding san<ls, ii. Ill 
for concrete, ii. 24 
for glass-making, ii. 194 
Glamorgan.sbire - 
Dinas sand in, i. 190 
sand dunes in, i. 2ft 
silica rocks in, i. 44, 47, 48, 52, 
142,154 

use of, for furnace hcartlis and 
linings, ii. 137 
Glasenapp, ii. 13 
Glasgow— 

glacial sands at, i. 7ft 
moulding sands used at, ii. 113 
“ rotten rocks ” near, i. 45 
silica rocks near, i. 45, 18 
Glass— 

colour of, effect of iron on, ii- 197 
effect of alumina on, i. IH3 ; ii. 196 
nature of, ii. 192 
purposes of sand In, ii. 193 
strength of, effect of alumina on, 
i. 183; ii. I9« 

Glass-cutting sand, i. 88 
paper, sand for, ii. 209 
recipes, ii. 193 
Glass-making— 

soureo.s of sand for, i. 39, 40, 42, 
44, 45, 40, 48, 49, 50, 53, 55, 
58, 59, ftl, ft3, 64, ft5, 07, 68, 
71, 72, 73, 77, 82, 104, 115, 
119, 120, 121, 1*23, 132, 135, 
138, 139, 141, 144, 150, 151, 
153, 158, 160, 103, 105, 108, 
187, 210 ; ii. 194 
uses of sand in, ii. 192 
Gla>ss-making sands— 
alkali in, ii. 198 
alumina in, i. 183 ; ii. 196 
burning, i. 434 
clay in, ii. 199 
composition of, ii. 195 
drying, ii. 204 
felspar in, ii. 199 
grinding, u. 2()l 
impurities in, ii. 190 
iron compounds in, ii. 197 
lime in, ii. 198 * 

magnesia in, ii. 198 
moisture in, ii. 199 


G'ass-making sands —continued 
torganic matter in, ii. 198 
fcireparatioi^ of, ii. 2fH < 
purifying by waslpng, ii. 203 
screening, ii. 202 
shape of grains in, i. 221 ; ii. 1^ 
size of grains in, ii. 199 
soluble salts in, ii. 199 
speeification of, ii. 201 
storage of, i. 472 
testing, ii. 204 
washing, ii. 203 

Glassy minerals in sands, i. 170 
Glastonbury, Lias at, i 56 
Glastonbury Tor, Midford sands on, 

i. 59 

Glauconite, i. 62, 118, 180, 189, 209 
in moulciing sands, ii. 99 
sands, i. 65, 116, 164 

as sources of potash, ii. 186 
for water softening, ii. 230 
Glaueophanc, i. 179, 189, 208, 2(t9 
(ilazes, sand for, ii. 190 
Glen ()iehy quartzites, i. 39, 139 
(ilen Shira, Bann clay in, i. 82 
Glen Uig. diatomaecous earth in. i. 97 
Glenboig. “ rotten rocks ” at, i. 153 ; 

ii. 113 « 

silica rocks at, i. 46, 131, 151 

Glenboig ganisler, i. 48; ii- 137 
chemical analysis of, ii. 90 
mineralogical analysis of, ii. 91 
(jlobigerina oozes, i. 32 
sands, i. 35 

Glory hole method of mining, i. 308 
Glossop’s ganistor, i. 49, 110 
Gloucestershire— 

Lias in, i. 50 
Lower Oolite in, i. 58 
Midford sands in. i. 00 
Glucose as bond in moulding sands, 
ii. 117 

Gluten as bond in mouhling sands, 

1 ii. 117 

j Gneiss, i. 39 

I Godstone— « 

abrasive sands at, ii. 222 , 

brick-making sands at, ii. 3 
furnace sand at, ii. 137 * 

Lower Greensand at, i. 63, 116, 
118-119, 435 ‘ 

Upper Greensand at, i. 62 
Goothite, i. 10 

Gogmagog Hills, glacial beds on, i. 
74 

Gold, properties of, i. 200, 224 
(Jold castiRg, sand^lor, ii. 112 
placers, i. 29, 117, 133 
hydraiilicking, i. 292 
Gold Coast, gold placers on, i. 117 
Gold Hill, silica rocks at, i. 44, lf9 
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Goose Wong*Roa(i, Banter sands 

i. 54 

Oorebridi^, silita rocksiat, i. 45 
Gorleston, glaria^sands at, i. 76 
Gornal stone, i. 50, 51, 154 
use of, as abrnKive. ii. 222 
Gosport, Bunter Ijtuls at, i. 72 
Grab excavators, i. 280, 287 
Grading, elTwt of. on porosity of 
concrete, ii. 30 
of fine sands, i. 407 
of sand, i. 210 * 

standards of, i. 210-217 
unsuitable, defects caused by, ii. 18, 
19 

Grading action of wind, i. 22 
Grtt<ling sands, i. 441 
for abrasives, ii. 224 
few*asphalt-concrete pavements, 

ii. 68 

for asphalt pavements, ii. 60 
for bitulitliic pavements, ii. 68 
for cements, ii. 5!, 52 
for conende, ii. 35, 40 
for filters, ii. 179 
for furnace hearths and linings, 
ii. 142 

for glas.s-making, ii. 199 
for lime-sand bricks, ii. 14-16, 18 
for mastic pavements, i. 69 
for mortars, ii. 50, 51 
for moulding sands, ii. 105 
for plasters, ii. 58, 59 
for refractory cements, ii. 158 
for roads, ii. 63 
for silica bricks, ii. 150 
for soils, ii. 163-166, 169, 170, 
171, 172 

tests of sands, i. 246 
Oraianrhyd, silica rocks at, i. 46 
Grain-size of samls. See Size of 
grains 

Grampians, granite in, i. 3 
Old Red Sandstone in, i. 41 
Granham’s Moor, St iperstones quartz¬ 
ites,* i. 41, 141 
Granite — 

distribution of, i. 3 
s^nds for concrete, ii. 24 

moulding sands, ii. 105 
solimle salts removed from, ii. 

^168 

Granitic rocks, distribution of, i. 3 
Grant, ii. 46 - 

Granulators, i. 348 ^ 

Graphitoidal silicon, preparation of, 
ii. 183 • • 

Grassby, Lower Greensand at, i. 05 
Grasses for binding dulie sand, i. 

25 ^ 

Gr^^ings as screens, i. 445 


Gravel— 

definition of, i. 2, 211 
roads, ii. 64 

size of j)articles in. i. I, 211 
wnshiiyj of, i. 385 
(Gravity miiilage, i. 314 
Givased plate floatation pro<‘oss, i. 125 
(Jreat Hedwin, KcKume strata at. i. <>6, 
68 

Great Bookham, lleuding beds at, 
i. t)9 

Git>at Fuwley, Eocene strata at, i. 66 
Great OuIiUs sands in, i. 59 
Great Weldon, est uarine sands, i. 31 
Greenaway miisIkm*, i. 3S6 
Greenhill, ganister at, i. 48 
Ui(?enman, H. S.. ii. 29, 3<i 
Green sand uumlding, ii. 76 
sands, i. 118 

for moulding, ii. 77 
Greensand, i. 60, til, 62, 118 
as source of potash, ii. 186 
cause of colour of, i. 207 
minerals in, i. IS), 182, 18fi, 189,203 
iis(^ of, for furnace hearths and 
linings, ii. 137 

for glass-making, ii. 194, 196 
for lime-sand hri<'ks, ii, 10 
for moulding, ii. Ill, 112 
for pottery manufacture, ii. 190 
for w’ater softening, ii. 230 
Givensand hods, i. 60, 61, 62 
soils, i. 161; ii. 166 
Gresford, Permian beds at, i. 52 
Grey sands, i. 121 
Greywacke, i. 148 
Grids, for screening, i. 445, 446 
Griflfin mill, i. 371 

Grimsby docks, bricks used in, i. 159 
Grinding, i. 363 

effect of, on inversion of silica, i. 229 
sand for, i. 88 

for abrasives, ii. 223 
for chemical purposes, ii. 187 
for concrete, ii. 40 
for explosives, ii, 227 
for glass-making, ii. 201 
for lime-.sand bri<‘k.s, ii. 17 
for moulding sands, ii. 122 
for refra(5tory purposes, ii. 158 
wet materials, i. 380 
Grindstones, i. 374 
f()r wot grinding, i. 381 
“ Grit,” definition of, i. 211 
Grit of abrasives, ii. 217 
Grit or gritstone, i. 148 
Grizzly screen, i. 446 
as feeder, i. 362 
*Grog, ii. 4 • • 

I Grouhd ganister, i. Ill, 154 
Guest, J. J., ii. 218 
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Guildford, Lower Greensand at, i. 63 
Guisoley silica rock, i. 49,116,1^, 435 
“ Gus ” pendulum mill? i. 373 
Gypsum, i. 191, 208, 209, 224, 231 
plasters, ii. 55 

Gyratory crusher, i. 350, 351 

Habberley, Stipei*stones quartzite 
near, i. 41 

Hadflelds, Ltd., i, 347, 348, 350, 351 
Hadloigh, Kocene strata at, i. 67, 70 
Haematite, i. 10, 189, 208, 209, 224, 
231 

Hafod, silica rocks at, i. 44, 153 
Hailes, silica rock at, i. 45, 161 
Haldon, Upper Greensand at, i. 131 
Halifax, Hard Mine c<.)al, ganister 
beneath, i. 49 

Halkyn, pocket, sands at. i. 43 
Hall, A. D., ii. 164, 172, 173 
Hall, C. E. V., i. 355, 373, 453 ; ii. 159 
Halloysite, i. 183, 208 
Haltwhistle, silica rocks at, i. 4(» 

Ham Hill, Midford sands at, i. 59 
Hambletoii, Lias at, i. 56 
Hammer drill, i. 300 
Hampshire— 

Bagshot bods in, i. 81, 131 
Barton bods in, i. 72, 82, 116 
glass sands in, ii. 194 
Lower Greensand in, i. 63 
Oligoceno sands in, i. 132 
soil, i. 161 

Tertiary Ixsds in, i. 66 
Upper Eocene beds in, i. 70 
Woolwich and Reading beds in, 
i. 67. 69 

Hampstead, Bagshot sands at, i. 70 
Hamsteatl beds, i. 132 
Hamsterley, bastard ganister at, i. 
lOU 

Hand labour v. mechanical appliances, 
i. 343 

Hand-picking rocks, etc., i. 384 
Hanley. H. B., i. 246 
Hanover sand, ii. 91 
Haraeus, i. 227 

Hard ganister in Estuarine Series, i. 

110,155 
Harder, i. 246 
Hardinge ball mill, i. 367 
Hardinge Co., i. 360, 367 
Hardn^s— 
of abrasives, ii. 213 
of emery, i. 102 
of minerals in sands, i. 209 
of sand for cements and mortara, ii. 
62 

for concrete, ii. 39' 
for roa<te, ii. 63 ' 

Hardy & Padmore, i. 386, 409 


Fardy Patent Pick Co.,•Ltd., i. 298, 
V .300 

if irofield, Rending b«'d8 atj i. 68 
Harlan County (i^braska), pumice 
sand in, i. 137 

Harpeiiey, silica rock at, i. 44, 149 
Harrington, glacial sands at, i. 76 
rocking cableway, i. 281, 471 
Harrogate, spring and well waters at, 
i. 17 

wind-worn rocks at, i. 10 
Httfrow, Bagshot sands at, i. 70 
Hart, E., ii. 186 
Harthope silica rock, i. 43 
Hartington, pocket sands at, i. 43 
Hartlepool, blown sands at, i. 77, 83 
Hartshill quartzite, i. 40, 141 
Hartweol, Lowlm* (irccnsand at, i. 65 
Harwood, H. E., i. 156 . 

Harz jig, i. 421 

HHslcineix*, Folkestone beds at, i. 62 
“ Hassocks,” i. ()3 
Has.stx‘k’s Gate. i. 63 
Hastings beds, i. 61 
sands, i. 60, 61, 121 
soils, i. 162 ; ii. 16.5 
Hatfield Park, Heading beds at, i. 68 
Hauber, M., ii. 186 * 

Haulage, i. 309 
along rails, i. 311 
by gravity, I. 315 
endless, i. 312 
main and tail, i. 312 
ropes for, i. 315 
single ropo, i. 311 
Havant, Et)ceno beds at, i. 66 
Hawaiian Islands, 81101*0 sand in, i. 
180 

Haycot, Old Rod Sandstone at, i. 41 
Haydon Bridge silica rock, I. 131 
use of, for furnace hearths and 
linings, ii. 137, 142 
for rnoukling sand, ii. 113 
Hayes, F. A., ii. 100 
Heochani, Ijower Greensand at, I. 64 
Heatl, Wrightson <Sr (M., Ltd., i. 455 
Hea<lon Hill beds, i. 72 * 

sands, i. 72, 132 ^ 

Hoapod sand, volume-weight of, i. 
222 

Hearth furnaces, i. 437 
sands. See Furnacte sands 
Heat— 

effect of, on colour, i. 207 
on impurities, i. 205 
on pure silica, i. 232 
on safads, i. 296 

Heat-resistance, determination of, i. 
260 ^ 

Heated sands, colour of, i. 144 
Heathffeld. Hastings beds at, i. Q1 
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Heating, repeated, effect of, <V 

Rilioa, i. 227 / 

Heating sands lind sai*^! rocks, /i’c 

Calcination 

volume-changes on, i. 233 
Heavy liquuis, specific gravity of, i. 
257 

use of, i. 257 

Heavy minerals in sands, i. 217 
soils, ii. 173 

Hebrides, rnotarnorphic rocks in, l 39 
Hecht, i. 19-1 
Heck— 

Buiitor sands at, i. 65, 131 ; ii. 112 
size of grains of, ii. 197 
glacial sands at, i. 7(i 
Hcdgorley, Kea<ling IhxIs at, i. (IK 
Hedsor, Heading bods at, i. OH 
HonifiShi!), Hunter sands at, i. 56, 
131 ; ii. 112 

Hendon, Bagshot sands at, i. 71 
Henning, i. 234 

Hensall, Bunter sands at, i. 55, 131 ; 
ii. 112 

Hensbarrow district, granite in. i. il 
Hepburn Conveyor (’o., J^td., i. 334 
Herefordshire, Old Hed Sandstone in, 
• i. 41 

Hertford, Bocene beds in, i. 00, 08 
Hessian crucibles, ii. 152 
Hessonito, i. Ill 

Hexham, silica rocks near, i. 40 ; ii. 
137, 142 

Hickenham, Heading beds at, i. 08 
High Harrington, silica roc^ks at, i. 40 
High Peak, pocket sands in, i. 135 
Higlibwch, Hagshot ln'ds at, i. 79 
Higher Bebington, Keujier Water- 
stones at, i. 53 

TIighgate, Bagsbot be<is at, i. 71 
Hindhead, Lowi^r (Jreensaml at, i. 09 
Hirwaun, silica rock at, i. 48, 142 
Hiscox, W. A., Ltd., i. 458 
Hodgson, ii. 47 

Hog’s Back, Reading beds at, i. t>9 
Hohonboefto sand, i. 73, 291 
• effect of heat on, i. 227 
Ho^jtiorn, i. 234 
Holland— 

san^l dimes in, i. 20 
minerals in, i. 180, 188 
(p*asa in, i. 105 

Hollingboume, glass sands at, i, 110 
Lower Greensand* at, i. 03, 110. 

118,119 

Hollow ware, refractory sand for, ii. 

L52 * 

Holmes, i. 221 

Holyhead Mountain qua;ftzite, i. 39, 
139,140; ii:i37 
Horizontal dryer, i. 410 
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Hornblende, i. 3, 4, fl, 10, 179, 189, 
208, 209, 224, 231 
action of aiid on, i. 204 
.soda on, i. 204 
granitf|, i. 4 
Kcbists, i. 39 

Horncliurch, glacial drift, at, i. 75 
Horne, Bagshot beds at, i. 71 
Kornstone, i. 175 

Horses anil carts for baulago, i. 309, 
340 

Horsley, Bagshot l>eds at, i. 71 
Hot floor dryer, i. 408 
Hour-glasses, saml for, i. 143, 107 ; 
ii. 229 

How Mill, Hunter sand at. i. 55 
Kiibnerite, i. 198 

Huddersfield, Hard Mine ganislor at, 
i. 49, 106 

“ white flint ” at, i. 155 
Hull, ii. U3 
Humber - - 

Lias ocToss, i. 50 
Low(t Oolite across, i. 58 
Humber silt. i. 1.59, 107 
warp, i. 159. 107 

Humic acids, action of, on rocks, i. 18 
on sands, i. 200 
Hum-mer sertnm, i. 450 
Humus, formation of, i. 18 
Hunan, tungsten-l)earing sands in, 

i. 100 

Hungerforil, Heading bods at, i. 09 
Hunstanton, Lower OreeusarMl at, i. 
04 

Kuntingdonsbii*o, J^ower Oolite in, i. 
58 

silt in, i. 33 

Huttons Ambo sand, i. 59, 108, 104 
{rhomical composition of, ii. 90, 190 
minerals in, !. 175 ; ii. 91 
size of grains of, ii. HH, 109, 200, 
201 

use of, for glass-making, i. 110; 

ii. 194-195 

for moulding sainl, i. 131 ; ii. 

Ill, 112 

washed, ferric oxide in, ii. 293 
! Hyalite, i. 175 
Hydraulic stripping, i. 278 
Hydraulicking, i. 290 
material ixirnoved by, i. 292 
removal of overburden by, i. 278 
Hydrochloric acid, ac^tioii of, on 
sands, etc., i. 205 
Hydrogen-ions in water, i. 17 
Hydrolysis of minerals, i. 17 
Hydrophane, i. 175 
^ Hydroxyl-iohs in witter, i. 17 
Hypabysaal rocks, i. 2, 4 
Hyperathene, i. 179, 189. 208, 209, 224 
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Typogenic action on rocks, i. 7, 8 
lythe, Lower Ureensaiui at, i. 63 
Wcaldcn beds at, i. 6(5 
dythe beds, i. 63 

( 

CO, action of, on rocks, i. 11 
Iceland- 

jndagonite tuff in, i. 166 
siliceous sinter in, i. 159, 175 
volcanic dust from, i. 24 
daho, monazite sand in, i. 128 
pumice sand in, i. 137 
dentitication of forms of silica, i. 177 
gneous rocks from which sands are 
derived, i. 2 
soils from, i. 162 

[lo de Groix, shore sands of, i. 171) 

llmonite, i. 20, 21), 196, 200, 224 

l.M.M. standard sieves, i. 247 

Imperial stone, ii. 20 

Impure sand, effect of heat on, i. 232 

Impurities 

in fpiartzites, i. 138 
in sand, effect of heat on, i. 226 
on refractoriness, i. 232 
in sands for abrasives, ii. 212 

for l>rick-making, ii. 2, 3, 4. 5, 6, 7 
for cements, ii. 48 
for chemical purposes, ii. 187 
for <*oncrete, ii. 30 
for lillers, ii. 178 
for fire-bricks, ii. 147 
for furnace hearths and linings, 
ii. 139 

for glass-making, ii. 196 
for lime-sand bricks, ii. 10 
for mortars, ii. 48 
for moulding, ii. 81) 
for plasters, ii. 57 
for roads, ii. 62, 71 
for silica bricks, ii. 147 
in sandstones, i. 147 
Inclmetik Quarry, “ rotten rocks ” at, 
i. 153 

Inclined dry^^‘i*»» »• -111^ 

Inclusions in sand grains, i. 171, 219 

Incoherent sand, i. 210 

India--- 

alluvial fans in, i. 29 
corundum in. i. 1)3 
diamonds in, i. 113, 114 
garnet in, i. Ill, 112 
monazite sand in, i. 128 
regur in, i. 3! 
zircon sands in, i. 168 
Indiana, monazite sand in, i. 128 
Indurated stone, ii. 20 
Inferior Oolite, sands in, i. 59 
Infusorial earth, •/. 122 
Ingersoll-Rand Co., Ltd., i. 294.'299, 
301 
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l/granic magn4‘tic separiitor, i. 430 
litsley, i. 221) ^ 

liTStitute of Vs*!tivsh A’chitecis, ii. 3*1 
Institution of 8tni/tural Kngineers, 
ii. 32 

Insulating materials, ii. 20 

sources of sand for, i. 128, 137 ; 
ii. 20 

Insulating power of kiesolguhr, i. 98 
insulators, use of sand in, ii. 74 
ItiU^'locking of sand grains, i. 225 
Interstices in saml, i. 222 
Inverness - shire, ghu ial drift in, 
i. 75 

nuitamorphic rocks in, i. 39 
Inversion of silica, i. 230 

effect of temperature on, i. 228 
Iowa, puiiiKH' saml in, i. 137 
Ipswich 

Eocene beds at, i. 67 
glacial sands at, i. 76, 115 ; ii. 111, 
137 

glauconite sand at, i. 164 
Ireland— 

Harm clay in, i. 82 
bastard ganister in, i. 107 
bole in, i. 84 
Hunter sands of, i. 85 
minerals in, i. I 80, 196 
Clialk sands of, minerals in, i. 181 
glacial drift in, i. 75 
sands in, i. 1 15 

glass sands in, i. 75, 115 ; ii. 195 
granite rocks in, i. 3, 4 
(Jreensand in, i. (>5 
kieselgubr in, i. 97 
moulding sands in, i. 131 
pocket sands in, i. 43, 134 
(piartzites in, i. 39, 40, 140, 435 ^ 

sandstones in, i. 40, 41, 42, 49, 50, 
53, 131, 151, 154 
schists in, i. 156 
shore samls in, i. 77, 157, 158 

tra]) rocks in, i. 5 
vein tjuartz in, i. 39 
Iridium, i. 200 
sources of, i. 133 
Iridosmine, i. 200 
Iron-- 

a cause of (colour, i. 206 
efl’cct of, on colour, i. 207 
in sands, importance of, i. 203 
Iron-caleium cornpotmds, i. 193 
casting, facingK^ands for, ii. 121 
sands for, ii. 112 
iron compounds— 

effect of,*on furniide sands, ii. 139, 
140 

in fdter sAnds, y. 178 
in glass-making Wuls, ii. 197 
! in moulding sands, ii. 98, 99 
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Iron coninouhda— continued 
in sands, i. 18H 

effect of, i.*'190 < > 

in soils, ii. 107 1 

removal of, fron^ kicsclKulir, i. 43J1 
Iron-free minerals, i. 224 
Iron niobate, in tantalito. i. 195 
oxide as a jxilisliinp apont, ii. 210 
effect of, on inversion of silica, 

i. 228 

effect of. on refractoriness of 
sands, i. 222 

oxides, action of acid on, i. 205 
pyrites, i. 224 
sands, i. 122 

silicate in planeonite, i. 02 
tantalate in tantalite, i. 195 
tungstate, i. 198 
fron-*^jre beds. i. 189 
Irwell, H., sand carried by, i. 20 
ls(diia, volcanic sands from, i. 2(i 
Isle t)f Anglesey, quartzites in, i. 29 
Isle of Kigg, slioro sands in. i. 40 
Isle of Islay— 

glass sands in, i. 157, I5H; ii, 194 
quartzites in, i. 29, 139 
Rhort> sands in, i. 157, 158 ; ii- 194 
^sle of Jura 

glass sands in, ii. 194 
quartzites in, i. 29, 40, 139 
shore sands in, i. 77. 158 ; ii. 191 
Islo of Portland, Portland beds in, 
i. 57 

Isle of Purbock, Oreensand iru i. 02 
Isle of Skyo 

Rann clay in, i. 82 
K('llaways beds in, i. 58 
kieselguhr in, i. 97 

^le of Tiianot, Thanet sands in, 1. 102 
Isle of Wight- 

Bagshoi sands in. i. 81, 82 
Kociono bods in, i. tiC. 70 
glass sands in, i. 82, 110 
Greensand in, i. 02, (>2 
Headon Hill sands in, i. 72, 132 
Wealden' bods in, i. 90 
Isotropic minerals, i. 208 
Italy, kioselgiihr in, i. 99 

Jacks(^, W., i. 211 
Jaipur States, garnet in, i. 11 
Jat^y floatation proce.ss, i. 425 
Jaw-crusher, i. 247 
Jigging oonveyoj*8, i^3fi 
screens, i. 455 
Jigs, i. 420 

Joachim, J., ii. 5.‘J> ■> 

Johnstone, S., i. 129 
Joints, expansion, in roadi, ii. 69 
Jurassic sands, i. 5^ 122 
une of, in brick-making, ii. 6 


Jurassic sandstones, i. 154 
Jutland, sand dunes in, i. 25 

K. & K. floatation proeess. i. 425 
Kulilbaupi, hydrated silica from, i. 
227 

Kanqanami. ii. 116 
Kansas, puiuiet^ sand in, i. 127 
Kaolin, i. 184 

Kaolin-bearing sands, i. 72 
Kaolinisation, i. 16 
Kaolinite. i. 184. 208. 209, 221 
Kar, C*. P., 265 

Kedah, monazite sand in. i. 129 
Kedilleslon, Hunter be<ls in, i. 54 
Kelantan, monazitt' sand in, i. 129 
Kellaways beds, i. 58 
Kellaways sands, i. 58, 122 
limonite in, i. 189 
use of. for gluss-inaking. ii. 194 
for inouldiug, ii. ) 12 
Kellow \Vat(T, sandstones at. i. 49 
Kenilworth. Permian be<ls at. i. 52 
Kensingland, glacial sands at, i. 76 
Kent - 

alliivitim in, i. 80 
brick-making sand in. ii. 2 
Koeene be<lH in. i. 6t), 67, 121 
glass sands in, i. I lt> 

Greensand in. i. 02, 6.2, 110, 118 
Hustings sands in, i. 121 
moulding sands in, i. 121, 163 
Thanet sands in, i. 67, 121, 163 
soils in, ii. HM, 165 
Wealden beds in, i. tit) 

Kentallen, quartzite at, i. 40, 139 
use of. as abrasive, ii. 222 
Kersanl ite, i. 2 
Ketley sandstone, i. 50, 154 
Kettering, estuarine sands at, i. 21 
Keupor beds, sands in, i. 52, 123 

usi.i of, for furnuee hearths and 
linings, ii. 127 
marls, i. 42 
sandstone, i. 27 
waterstones. i. 52, 128 
minerals in, i. 182, 196 
Khotun. soil in, i. 160 
Kidderminster • 

Hunter sands, i. 55. 121 
ehemieal analysis of, ii. 90 
min(?ralogieal composition of, ii. 
91 

size of grains in, ii. H)8 
moulding sands, i. 121 ; ii. 80. 90, 
91, 108 

Permian hc'tls at, i. 52 
Kidsgrovo, CTowstones at, i. 152 
Kidwelly, qimrlzites-at, i. 47, 48. 142 
iu4e of, for furnace hearths and 
linings, ii. 137 
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Kieselguhr. i. 96, 17^ 
as an abrasive, ii. 209 
bricks, ii. 145 * 

calcination of, i. 98, 434 
colour of, i. 97 
for chemical purposes, ii. 185, 187 
for explosives, ii. 226 
for insulators, ii. 20 
for moulding, ii. 78 
melting point of, i. 98 
removal of iron from, i. 433 
uses of, i. 99 
Kiesolainter, i. 159 
Kildownet, quartzites at, i. 39 
Killas, 1. 24 
Kilns— 

continuous, i. 437 
downdraught, i. 436 
for calcining sand rocks, i. 435 
Newcastle, i. 437 
rotary, i. 438 

sand for protecting goods in, ii. 136 
repairing, i. Ill 
updraught, i. 436 

Kilwinning, moulding sands at, i. 131 
sandstones at, i. 45, 150 
Kimberley, diamonds at, i. 113 
Kimeridgo clay, i. 57 
soils, i. 162 : ii. 166 
King, ii. 171, 173 
Kinghom, silica rocks at, i. 42 
Kingscavil, silica rocks at, i. 45, 151 
Kingsclcre, Eocene bods at, i. 69, 70 
Greensand at, i. 62 
Kings Lynn sand, i. 64, 120 
chemical composition of, ii. 90 
mineralogical composition of, il. 91 
use of, for brick-making, ii. 3 
for moulding, ii. 90, 91 
for pottery manufacture, ii. 190 
Kings Moas, glacial simds at, i. 75 
Kinta Valley, tungsten-bearing sands 
in, i. 166 

Kirkaldy & Son, ii. 32 
Kirkby Stephen, Permian beds at, i. 51 
Kirshangarh, garnet schists at, i. Ill 
Klein, i. 229 
solution, use of, i. 258 
Knitsley Fell, silica rocks at, i. 60, 
109, 152 

Knowle Hill, Reading beds at, i. 69 
Koch, ii. 178 
Korting washer, i. 397 
Krakatoa, volcanic dust from, i. 36 
Krehbiel’s elutriator, i. 264 
Kwangsi, tungsten-bearing sands in, 
i. 166 

Kwantung, tungsten-bearing sands 
in, i. 166* ' • 

Kyanite, i. 20, 181. 208, 209, 22r4 
action of acid on, i. 204 


Labradorite, i. 6, 208, 231 
ll^roix, i. 229 
Llicustrine soipds, i. 3{>, 124' 

Ladder conveyors, 403 
excavators, i. 280, 290 
Ladles, sand for, ii. 134 
Laggas Bay, shore sands in, i. 157, 158 
Laig Bay, shore sands in, i. 157, 158 
Laingdon Hill, Bagshot beds on, i. 70 
Lake and Rastall, i. 163 
Lake Geneva, hltering action of, i. 31 
Lal^e sands, i, 31 
use of, for concrete, ii. 23 
Lainmermuir Mountains, trap rocks 
in, i. 5 

Lampadite, i. 167 
Lanarkshiie - 

bastard ganistcr in, i. 107 
moulding sands in, i. 131 ; ii.* 113 
sandstones in, i. 45 
Lancashire - 

abrasive sands in, ii. 222 
alluvium in, i. 80 
bastard ganister in, i. 107, 108 
brick-making sands in, ii. 6 
Buntcr sands in, i. 53, 54, 55, 85. 
131, 220 ; ii. 108 

ganister in, i. 49, 50, 105, 107 ' 

ghwial sands in, i. 75, 91, 115, 116, 
201 ; ii. 227 

glass sands in, i. 116; ii. 194 
Keuper bods in, i. 53 
Millatono Grit in, i. 46 
moulding sands in, 1. 131 ; ii. Ill, 
113 

Permian beds in, i. 61 
pocket sands in, i. 43, 135 
sand dtines in, i. 25, 26, 27, 28 
Lan<lore, ganistcr at, ii. 137 
Land’s End, granite at, i. 4 
Lanehca<l, silica ro(^k at, i. 44, 149 
Losaulx, von, i. 177 
Laterite, i. 194 
soils,!. 161 

Laurentian soils, i, 162 
Lawns, i. 442, 445 

Lay-out of quarry or sand-pit, i. 273 
J^ead furnaces, sand for, ii. 135 
liCads, deep, i. 133 

Leatherhead, Reading bods near, i. 69 
IjQ Chatelier, i. 226, 229, 230, 234 ; 
ii. 151 

Lechatelierite, i. 176 
I^ieeds, ganister i. 49, 106 
moulding sanatf used at, ii. 113 
Leek, Hunter sands at, i. 54 
Lehigh-Faller mill,d. 370 
Lehm, i. 31,125 
Leicestersblte— 

brick-making ilands in, ii. 6 
Bunter sands in, i. 53 
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Loiceatershir^- conirnwerf 
glacial drift in, i. 75 
Liaa in, V 56 • 
oilstone in, i. 
trap rooks in, i. 5 
Leigh, Permian beds in, i. 51 
L»oighton Buzzard sand, i. 64, 118.119 
08 standard sand, i. 162; ii. 41 
chemical composition of, ii. 00, 106 
chert in, i. 175 

for testing strength of cements^ ii. 

40 • 

mineralogical composition of, ii. 01 
size of grains in, ii. 107, 100 
use of, for abrasive purposes, ii. 222 
for briok-inuking, ii. li 
for furnace liearths and linings, 
ii. 137 

f^r glass-making, ii. 104 
for pottery rnamifaeture, ii. 100 
washing, effect of, on iron content 
of, ii. 203 

J..K^ith TTill, Ci'ceiisttiid beds on, 1 . 6t) 
Lonham beds, mica and heavy 
minerals in, i. 217 
Lenham, Pliocene boils at, i. 73 
Lenton, Bunter sands at. i. 65, 131 
* moulding sands at, i. 131 ; ii. 112 
Lopari Isles, pumice sand in, i. 137 
T.^pidolite, i. 186, 208, 200, 231 
Losinabaguw, sandstones at, i. 45 
Leucalo sand, i. 163 
Loucito, i. 3, 208 
action of acid on, i. 204 
of soda on, i. 205 
Loucoxeue, i. 106 

Li^vening, Kellaways sands at, i. 123 
Lovonseat, sandstones at, i. to, 48, 
. 153 

use of, for fumaco hearths and 
linings, ii. 137 
Levigating mills, i. 382 
Ivcwis, kiosclguhr in, i. 07 
Lewistown Foundry Co., U.S. A., i. 403 
Lias, sands in, i. 55, r>(>, 124 
Lias soils, i.*162 
Lidhfield, Bunter beds at, i. 54 
Lick%y Hill, i. 52, 54 
Lickey quartzite, I. 40, 52, 54, 141 
use o4 for silica bricks, ii. 146 
Lifts, i. 328 
Ligl^ bricks, ii. 20 
soils, ii. 173 

Lightning crusher, i.^^3 
Lightning Crusher « Pulveriser Co , 
i. 353 

Limburgite, i. 3 
Lime— 

action of, on silica^. 20# 

.effect of, on inversion of silica, i. 228 
•n refractoriness of sands, i. 232 
VOL. n 


Lime coinpouncis— 
effect of, on sands, i. 191, 228, 231 
in sands, i. TOO 

for brick-making, ii. 3 
for esment, ii. 50 
for concrete, ii. 24, 30 
for filters, ii. 178 
' for fumaces, ii. 140 

for glass-making, ii. 198 
for limo-sand bricks, ii. 13 
for mortars, ii. 50 
for moiikling, ii. 88, 97 
for plasters, ii. 57 
for silica bricks, ii. 147 
removal of, from sands, i. 191 
Lime jilasters. ii. 55 
Lime-sand bricks, sand for, ii. 9 
Lime, silica and alumina, inUiraction 
of, i. 191 

•silica mixtui'cs, fusibility of, i. 192 
Limestone dust, use of, ii. 4 
Limestone in moulding sands, ii. 97 
in sand, effect of, ii. 4. 13 
Limy sands, i. 124 
Limonitc, i. 10, 189. 2(M), 224 
as bond in moulding sands, ii. 116 
colour of, i. 207 
in moulding sands, ii. 99, 116 
LirnrisKeld, Folkestone beds at, i. 63, 

119, 181 

use of, for furnace hearths and 
linings, ii. 137 

Lincoln (’ounty (Nebraska), [uimico 
sand in, i. 137 
Lincolnshire-— 
alluvium in, i. 80 
brick-making sands in, ii. 6 
estuarine sands in, i. 31 
glacial drift in. i. 75 
sands in, i. 115 
(Ireat Oolite in, i. 59 
Oreonsand irf, i. 65 
Kellaways beds in, i. 58 
Keuper beds in, i. 53 
Lias in, i. 56 
sand dunes in, i. 26 
warp in, i. 33 
Lindstrum, H. (!)., ii. 128 
Link-Belt Co., i. 352, 353, 354, 401, 
402 

Link-Belt de-waU'Hng cone, i. 402 
Linlithgow, sandstones in, i. 45, 48, 
161 

Lippe sand, i. 73 

organic matter in, i. 201 
use of, in glass-making, ii. 195 
Li.st^n, glacial sands at, i. 115 
Litchfield's ganister, i. 46, 109 
i^thiugi chloilde, offtict of, on in¬ 
version of silica, i. 228 
Lithqmargo, i. 125, 183 


S 
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Little Bookham, Heading txida at, i. 
69 

Littoral deposits, i. 33^ 

Liverpool, Hunter beds at. i. 54 
Llondeilo, silica rocks at, i4 47 
Idandudno, pocket sands at, L 43 
Llandybio, silica rocks at, i. 47, 142 
use of, for furnace hearths and 
linings, ii. 137 

Llandyfaii, siliira rucks at, i. 45 
Llanefelyn, alluvium at, i. SO 
Llanelly quartzites at, i. 142 
Llangollen, silica rocks at, i. 152 
Llyn Idwul, oilstone at, i. 132 
Loading sand or stono into wagons, 
etc., i. 308 

Loading wagons, output’ of, i. 278 
Loam for moulding, ii. 77 
[iroperties of, ii. 110 
Loam, moulding, ii, 70 
Loarnmioulding mixture, ii. 121 
Loams, i. 03, 125 

moulding, clay in, ii, 05 
Jjoainy sands, i. 161 
Loch Ba, kieselguhr at, i. 07 
Loch (‘Icat, kiiiselguhr at . i. 07 
Loch Fyne, quartzit(‘S at, i. 30 
Loch Kinnord, I3ann clay at, i. 82 
Loch Leven, kieselguhr at, i. 07 
quartzites, i. 30 
Locli Moalt, kieselgulir at, i. 07 
Loch Snuisdalc, kiesidguhr at, i. 07 
Loess, i. 27, 30, 31, 125 
Jjog washer, i. 386 
Logie Bridges. san<l at, i. 184 
Lomas, J., i. 26, 28 
London Clay, i. 66, 70 
soil, ii. 166 

use of, for brick-making, ii. 3 
London, filter sands used in, ii. 180 
London Wall mortar, ii. 40 
Londonderry, rnetambrphic rocks at, 
i. 30 

quartzose roedts near, i. 42 
Longbotham (’lip Co., Ltd., i. 314 
Longclilfe, pocket sands at, i. 135 
Longdown, Barton sands at, i. 82, 116 
glass sands at, i. 82, 116 
Longinuir, ii. 86 
Longton, Buntor beds at, i. 54 
Longtown- 
Hivgshot IkhIs at, I. 81 
Bart’On beds at, i. 72 
Buntor beds at, i. 53 
Loose sand, i. 210 

working deposits of, i. 281 
Loosening the material, i. 295 , 

Loss of ignition, determination of, 
i. 239 • ' t 

Lossiemouth, river sand at, i.' 220 
Lough Beg, Bann clay at, i. 82 


/.jough Neagh, blown sdVul at, i. 83 
shore sands at, i. 77, 167 
♦ use of, ioT glaaa*iuakihg. ii. 105 
Low Moor, pockoLtsands at, i. 116 
Lower Coal Measures sandstones, i. 
49, 163 

Lower Creensaiid, i. 62, 118 
mica and heavy minerals in, i. 217 
soils, ii. 105 

use of, for lime-sand bricks, ii. 10 
^ for roa<ls, ii. 65 
Lower Kildress, silica rocks at., i. 42 
Lower ()oli|.c, sands in, i. 58 
Lower Trias sands, i. 53 
Lowestoft, blown sands at, i. 83 
glacial sands at, i. 76, 77 
Lowry, T. M., i. 254 
Ludlow, Old Red Sandstone at, i. 41 
l^iihrig table, i. 417 
Lulworth, Wcalden boils at, i. (50 
Lump ganisti'r, i. I 11 
Luru'ilnle silica rock, i, 43, 44, 149 
IjUssiitile, i. 177 
Lustre of sands, i. 207 
lAixemliourg. liinonitc in, i. 189 
Lyell, Sir (.'liarlcs, i. 7 
Lyme Regis, laas at, i. 5(5 
Lymington, Hagshot beds at. i. 74, 
72 

Lynn sands, i, (54, (55. 1 1(5, 120 
cliemica! coinjiosition of. ii. 19(5 
size of grains in. ii. 200 
use of, for alirasives. ii. 222 

for glass-making, i. 11(5; ii. 194 
Lyons, jiozziiolana at, i. 13(5 

Macadam roads, ii. 61 
Macbii'hill, silica rocks at, i. 45 
Macclesticld, Fcrmian bods at, i. 51 
Macduff, garnet iferous shore sand at, 
i. 220 

Macliinery in quarry, position of, i. 
27(5 

Mackie, Dr., i. 184. 185, 220 
Macqiiister floatation process, i. 425 
Macrihanisli Bay- ' 

shore saml at , i. 157, 158 * 

use of, for furnace beartljs and 
linings, ii. 137 

Maghcra, shore sand at, i. 1^8 
Magnesia — 

effect of, on inversion of silicai i, 228 
on refractoriness, i. 232 
Magnesite, i. W4 
action of acid on, i. 205 
Magnesium comjiounds in glass sands, 
iti 198 • 

in moulding sands, ii. 88, 97 
in SHTK^, i. 194 

Magnetic conc^trators, i. 428 
haematite, i. 224 
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Magnetic iron sand, i. 12.‘l 
mincralj^, separation of. i. 208 
properties of sainl, i. t24 
separation, i. 2.W 

of glass-making sands, ii. 2(M 
separators, i. 428 
8iiscc|)litji!ity of minerals, i. 428 
Magnetite, i. 10, 20,189, 201). 224, 2:U 
I'ffect of, on sands, i. 200 
Maidenhead. Roa<ling lx*ds at. i. 01) 
Maidstone, Jjower (Ireensand al, 1*03 
Main and tail liaidage, i, 312 
Malay States - 

monazite sands in, i. 121) 
tin-lK'uring sands in, i. 104 
tungsten-hearing sun<ls in, i. 100 
Malmesbury, Forest marble sands at, 
^ i. 58 

Malton, Estuarine sands at. i. 51) 
Kellaways sands al, i. 58. 123 
Malvern range, Keu(M'r beds in. i. 53 
ManelH?st(M*, Permian beds near. i. 51 
Manganese oxides, aelion of acid on, 
i. 205 

ill sands, i. 11)1) 

Manlove. Alliot. A: Co., Ltd., i. 405,41 ! 
J4ansfiel(l 

Bunter sands at, i. 53, 55 
faeirig sand, ii. 104 
gIiM:ial sands at, i. 70 
open saiifl, si/.e of grains of. ii. 107 
irioiilding sands at, i. 55, 85. 80, 
131 : ii. 80, 111, 112 
eliernieal composition of, ii. 1)0 
mirieralogieal <*omposition of, ii. 
91 

surface fuetiir of, i. 213 
Mansfield, F., A Co., i. 353 
l\%intles, ineandeseenl, i. 130 
Manure gravels, ii. 174 
Mapledurham, Eocene l)eds at, i. 00 
Mapporly Plains, BiinU‘r beds at, i. 54 
Marbles dust for plasters, ii. 57 
Marca.site, i. 10, 189 
Marino saiK^s. i. 32, 126 
Market J>ray(<jn, l^ermian lieds at, i. 

* 52 

Marliiorough, Heading Iwxls at, i. 09, 
71 

MarlbomniKh Forest, Heading beds in, 
i. 70 

Martin, J. 174 
Mass action, i. 19 

Massern’s Slack, sah^^ulls at, i. 27 
Maturing moulding ^nd, ii. 120 
MayBeld, Tunbridgo Wells sand at, 
i. 01 * • 

Maj^, Co., quartzites in, i. 39, 40, 158 
McAdam, John, ii. 0;^ • 

Me William, ii. 80 

MeWlUiam & Longmuir, ii. 120 1 


Mechanical analysis, i. 231) 
eqiiipinentJn pits ami (iiiarries, i. 
343 

haulage ulOng mils, i. 311 
Medium .4and, size of partich', i. 211 
.Medway inmls, i. 103 
Meeischaum, imitation, i. 100 
Melanite. i. 112 

Mellor. J. W.. i. 211. 213, 237, 247, 
253, 441 

Mellham, “ white flint ” at. i. 155 
Melting point of cristobalite, i. 230 
of minerals, i. 231 
of sand, <letenninalion of, i. 201 
of tridymh»‘. i. 230 
Mendip Hills, Millstone (Jrit in, i. 40 
Meiiilite. i. 175 

Merrow Downs, H«‘a<ling betls at , i. 09 
Mers<‘y 

Bunler l>eds near, i. 54 
Keiiper Ixsis nt'ar. i. 53 
sand carried by. i. 20 
dunes j’oiind, i. 28 
Merstham lirestones, i. 118 
Mersihurn. (Ireensand al. i. 02 
Merlbyr 'I'ydlil, silica rocks al, i. 41,47 
u.sc of, for furiuMx* bcarlhs and 
linings, ii. 137 
Merwin, H. K., j. 193, 228 
fleshes of sicv(‘s, i. 444 
M<‘lal mixtures, sand in. ii. 129 
Mi'lallic (‘leriuaits in sands, i. 200 
Melallifi'rous sands, i. 29, 77, 80, 127 
cla.ssificat i(»n of, i. 405 
roasling, i. 440 
use of, ii. 75 

Metallurgical fui‘na<‘es. suml for lining, 
ii. 129 

sands. See. ^^u•na^•e linings and 
Mouhiing sands 

Mt'lallurgy, use* of sands in, ii. 75 
.Metals 

enamelling, sand for, ii. 130 
from sands, nsroveiy of, i. 440 
.saiuls us a soure«' of, ii. 75 
Mciamorphie quartzilcs, i. 39, 13S 
Mt'lbods of working deposits, i. 277 
Methyliaa? iodide, i. 258 
.M<‘xieo, n.sj)hal1 i<! sands in, i. HI 
monuzite sand in, i, J28 
Mexico, (lulf of- - 
alluvium in, i. 21) 

Mica, i. 3, 4, 20, 188, 191, 217 
action of acj<l on, i. 204 
Hakes in sand, i. 207 
in cements and mortars, ii, 49 
irt moulding sands, ii. 98 
^ in saml, etTcj;t. of. i.^203 
iiwconcrete. ii. 30 

•quartz mixtures, fusibility of, i. 187 
•scbisl, i. 39 
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Michaelis> W., ii. 0, 13 
Miekloham Downs, Reding beds on, 

i. 69 

Tlianot sands on, i. 6V 
Microoline, i. 184, 208, 209 * 

Microliihs in sands, i. 170 
Microscopical analysis, i. 241 
Middle Coal Measures, sands in, i. 50, 
154 

Middlesex, Bocone beds in, i. 66, 68 
Middleton, Greensands at, i. 64, 

120 

Midford sands, i. 59, 60 
Midhurst, Greensand at, i. 63 
Wealdon beds at, i. 60 
Midlands— 

Bun ter bods of, i. 180 

North, moulding sand, texture of, 

ii. 108 

silica rocks in, ii. 146 
soils in, ii. 166 

Midlothian, glacial drift in, i. 75 
Milky quartz, i. 177 
Millet seed sand, i. 219 
Milling moulding sends, ii. 122 

S urpose of, ii. 123 
li.slo, shore .sands at, i. 77,157,158 
use of. for glass-making, ii. 195 
Mills with i*evolving pans, i. 377 
Millstone Grit, i. 42, 46, 105 
minerals in. i. 186, 196, 217 
soils, i. 162 ; ii. 166 
Milner, IT. B., i. 256 
Minora, glass sands at, i. 116 
silica rocks at, i. 44, 46, 47, 149 
Mineral constituent’s of sands, i. 169 
placers, i. 29 
Mineraliser, i. 230 
Mineralogical composition— 
of sands, i. 203 

for brick-making, ii. 3 
for cements and mortars, ii. 48 
for concrete, ii. 26 
for filters, ii. 178 
for furnaces, ii. 138 
for glass-making, ii. 199 
for lime-sand bricks, ii. 10 
for moulding sands, ii. 90 
for plasters, ii. 57 
for roads, ii. 62 
for silica bricks, ii. 147 
Mineralogical examination, i. 256 
Minerals—• 

fusibility of, i. 231 
in sands, estimation of, i. 258 
magnetic separation of, i. 258 
separation of, i. 256 • 

Minerals Sepai-^tion floatation proces^, 
i. 425 

Mines, hand-loading in, i. 308 
Minettes, i. 3 


Mining sand-rocks, i. 29S, 307 
sands, i. 269 r. 

Minneapolis fMin.), filter sands used 
at, ii. 180 ^ 

Miocene sands, i. 72, 1^ 

Mississippi, sand carried by, i. 30 
Mitchell Conveyor Co., Ltd., i. 329 
Mitchell, G., i. 331, 332, 338 
Mixing moulding sands, ii. 123 

sand for refractory purposes, ii. 160 
Mohture in concrete sands, ii. 31 
in fumiwio sands, ii. 141 
in moulding sands, ii. 89. 100 
in sand, determination of, i. 238 
for roads, ii. 71 

Molasses as bond in moulding sands, 
ii. 117 

Mold - , 

glass santl at, i. 116 
silica rocks at, i. 44, 46, 149, 153 
use of, for abrasives, ii. 222 
use of, for furnace hearths and 
linings, ii. 137 
Moldenke, i. 267 ; ii. 91, 92 
Moler, i. 127 

Molten silieat-os, effect of, on trana- 
pan'ney of silica, i. 228 
solvent action of, i. 22tl 
Monarch magnetic separator, i. 430 
Monazite, i. 29, 197, 208, 209, 224 
action of acid on, i. 205 
sands, i. 128 

treatment of, i. 419 
Monkreddon, “ rotten rocks " at, i. 
45. 131 

Monmouth, Old lied Sandstone in, i. 
41 

Mono-rails, i. 327 
Montana, gem sands in, i. 114 
monazit-e sand in, i. 128 
Montgomery, K. J., ii. 156 
Montmorillonite, i. 184 
Montrose, blown sands at, i. 83 
shore sands at, i. 77 
Monyosh, pocket sands af., i. 42 
Moor Park, Heading beds at, i. 68 
Moray Firth, sand dunes in, i. 25 ' 
Moray, Old Red Sandstone in, 41 
Moreeambe Bay, Biuitor sands near, 

i. 53 

warp in, i. 33 

Morloy, Bunter sands at, i. 53 
Morristoii— 

silica rooks aV. i. 52, 154 
use of, for nimaco hearths and 
linings, ii. 137 
Mortar bric^, ii. !i0 
Mortars, iL 43. See also Plasters 
adhesiveness effect of sand on, 

ii. 46 

brick dust in, ii. 50 
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Morta-re— coittimied 
cinders in, ii. 50 
clay inf ii. 40 ^ 

colloidal silica for, ii. 48 
composition of sand for, ii. 48 
drying sand for, ii. 55 
dust in, ii. 5(^ 51 
effect of grading sand on, ii. 51 
sand on, ii. 45 
felspar in, ii. 40 
hardness of sand for, ii. 52 
hydraulic lime, strength of, ii. 16 
marble dust in, ii. 50 
mica in, ii. 40 

po/./.uuiana in. i. 156 ; ii. 40 
preparation of sand for, ii. 55 
proportion of sand in, ii. 45 
refnuitory, ii. 154 
suikrS in, ii. 48 
screening sand for. ii. 55 
Sidenitic linu', ituisilo strength of, 
ii. 46 

shape of sand grains in, ii. 50 
silicic acid in, ii. 55 
size of san<l grains in, ii. 50 
sources of sand for, ii. 47. *Vcc aim 
Huilding sand 
testing sands for, ii. 55 
to.sca in, i. 165 
trass in, i. 1<)5 ; ii. 40 
tuff in, i. 166 
washing sand for, ii. 55 
Motor lorrie.s, i. 517, 841 
Mottled Sandstone, i. 55, 54 
Moulding bricks, use of sand in, ii. 5 
Moulding loams, properties of, ii. 110 
Moulding sands, ii. 75 
adding water t<j, ii. 125 
alkalies in, ii. 80, 07 
alumina in, ii. 87 
analysis of, ii. 00 
artificial, ii. 114 
binding power of, ii. 84 
“ blowing ” of, ii. 08 
bond in, ii. 115 
burnt, restoring, ii. 126 
» use of, ii. 155 
chalk in, ii. 97 

cRemical composition of, ii. 85 
clay as bond in, ii. 115 
in, ii. 87, 92 
(mhesiveness of, ii. 85 
colloidal silica as bond in, ii. 116 
colour of, ii. 79 p 
crushing strengtl^of, ii. 101 
dead, reviving, ii. 126 
drying, ii. 102 • 
felspar in, ii. 87, 98 
ffuxes in, ii. 96, 97 
glauconite in, ii. '^9 
iyipurities in, ii. 89 


Moulding sands—contmurd 

iron compounds in, ii. 88, t>8, 00 
lime in, ii.«88 
limestone jn, ii. 07 
limonito as bond in, ii. 116 
liinonile in, ii. 00 

magnesium compounds in. ii. 88, 07 
maturing, ii. 126 
mica in, ii. 08 
milling, ii. 122 

mineraiogieal composition of, ii. 00 
mixed, ii. 114 
mixing, ii. 125 

mixtures, comjiosition of, ii. 121 
moisture in, ii. 80, 100 
opermr.s for, ii. 118 
organic bind<>rs in, ii. 116 
matter in, ii. 100 

permeability of, ii. 81, 82, 105, 
105 

plasticity of, ii. 85 
porosity of, ii. HI 
preparation of, ii. 115 
j)roportie.s of, ii. 70 
proportioning ingredients of, ii. 122 
quartz in, ii. 02 
reclauning, ii. 12t) 
refractoriness of, ii. 80 
shape of grains in, ii. 104 
shrinkage of, ii. 85 
silica in, ii. 86 
size of grains in, ii. 105 
sources of, i. 45, 45, 47, 48, 55, 
58, 65, 65, 67, 75, 76, 78, 81, 
85, 88, 104, in. 115, 120, 123, 
150, 152. 154, 140, 144, 158, 
165; ii. Ill 

specifications for, ii. 100 
surface factor of, i. 215 
surface of, ii. 85 
testing, ii. 128 

permeability of, i. 264 
strength of, i. 265 
texture of, ii. 85, 105 
vegetable matter in, ii. 100 
venting, ii. 105 
water in, ii. 100 
Moulds, drying, ii. 114 
Mount Scipput, Heading beds near, 
i. 69 

Mount Solovief, platinum placers at, 
i. 133 

Mmmtain Limestone, sands in, i. 42 
Mow Cop, Crowstones of, i. 109, 158 
use of, for glaj^-making, ii. 100 
Muckish Mountain— 
quartzite, i. 40, 140, 435 
^ use of, for glass-making, ii. 105 
'iMud, i. 102, 150 • 

Mud-tapping, i. 307 
-wheel, i. 386 
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Muffles, ii. ir>t 

use of smids in. ii. l.’U) 

Mull, kioselguhr in, i. 97< 

MiiUev, L. 1-r, ii. 157 
Miinikle rofks, i. 50 ^ 

Mumforcl aiul Moodie, i. 4()<) 
Mumford. Hoiidinjj: ImhIh ut, i. 08 
Miinn, F.. Idd., i. 518 
Miirex fluatution [irocess, i. 425 
Murray and Pliillipi, i. IHl 
Muscovite, i. 10, 186, 208. 209, 224, 

251 

action of soda on, i. 204 
MussoLshell <listrict (Idaho), inonazih? 
sands in, i. 129 

Myors-Whalev shovelling; iriachino, i. 

2 52 

Mynydd-v-Kare^. silica rocks, i. 47, 

18.142 

Nacrite, i. 185 

Nairn, sand dunes at. i. 20 

Naples, ]) 0 //uolana at, i. 150 

Nar N'alloy, (treensand in, i. 04 

Narhorth silica rocks noai‘, i. 47 

Nassau, ])alai;onit(' tuff at, i. 100 

Nattrass (lill ^anisto>-s, i. 45, 44, 149 

Navvies. See Steam navvies 

Naxos, emery, i. 101 

Neath, Vale of, silica rocks in, i. 44, 

47. 142 

Nebraska, pumice sand in, i. 157 
Nepholine, i. 5, 0, 208, 209, 251 
action of aci<l on, i. 205 
Ni'ther Seal, Bunter he<h at, 1. 55 
Nolhor Stowoy, Permian bods at, i. 
52 

Nette, Vale of, trass from, i. 105 
Neutral sands, i. 145 
Novjwla, inonazito saml in, i. 128 
New and Thomas, ii. 155 
New Hrijjhton, Hunter beds at, i. 54 
New Forest, Kocene beds in, i. 70, 110 
ghiss sands in. i. 1 U> 

New He<l Sandstone, i. !12 
New Soldi) Wales, platinum placers 
in, i. 155 

New Zealand, gold ])huier8 in, i. 118 
palagonite iidf in, i. 100 
Newaygo semen, i. 449 
Newh’ald, Lower Oolite at, i. 58 
Newbury, Focenc beds at, i. 70 
Newoostle kilns, i. 457 
Nowhaven— 

pocket sands ut, i 155 
Heading beds at, i. 09 
Upper Kocene bods at, i. 70 ^ 

Newport, Ikjrrnian beds at, i. 52 
Newtongrange, sundstonos at, i. 45 
Nickel citsting. sands for, ii. 112* 
Nielson, C., i. 199 


N^eria, monazito sand iA. i. 129 
tin-bearing sands in, i. 164 
Nile <lelta sui\(Js, felsiwr 185 
Nills Hill (piartzito,^. 41, 141 
Nischno, |)latinum placers round, i. 
155 

Nitric acid, action of, on sulphide, 
i. 205 

Non-ferrous alloys, sand for, ii. Ill, 
115 

Non-ni(*tailic elenienis in sands, i. 200 
Norfhlk 

briek-making sands in, ii. 5 
glacial sands in, i. 75, 70 
glass sands in, i. 110 
(Ireensands in, i. 04, 1 10, 120 
Pliocene sands in, i. 75 
Reading bc<ls in, i. 08 
simd dunes in, i. 25, 2t» 
soils, i. 101 

Noi tli Downs, Pliocene heils in, i. 75 
North Minims, Heading heils at, i. 08 
Nortli StaiTordshire, pocket sands in, 

i. 154 

North Tolsta, kieselguhr at, i. 97 
North Wales - 

Hnata.se in pockid sands, i. 190 
silica rocks in, use of, for abrasives,* 

ii. 222 

use of. for furnaces, ii. 157 
use of, for silica hrii-ks, ii. 146 
Northallerlon, Hunter b<>ds at, i. 55 
Idas at. i. 50 

Norj hnin|)ton sarnls, i. 59 
limonite in, i. 189 
Nort liain])tonshire— 
estuarine saiuls in, i. 51, 103 
glu.ss sand in, I. 110 
Lias in, i. 50 
Oolite in, i. 58, 190 
soils, ii. 100 
Nortliumberhmd - 

furnat'c .sands in, ii. 157, 142 
granite rocks in, i. 5 
moulding sands in, i. 151 ; ii. 115 
used in, ii. 112 • 

silica rocks in, i. 40, 151, 142. 149 
minerals in, i. 180, 190 
Northwich, Corallian Rag at, i. 
Northwooii, Roniling beds at. min¬ 
erals in, i. 181 
Norton Co., ii. 218, 219 
Norway, kieselguhr in, i. 90 
sand dimes in^i. 25 
Norwich, liocene K'ds at, i. 70 
Rod Crag at, i. 75 
Nottingha^ishire— c 
alluvium in, i. 80 
brick-maWing sands in, ii. 0 
HunU'r beds in,M. 54, 55 
gloss sands in, i. 116 ; ii. 104 
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Nottlni{haiii«htre— continued 

Kouju'r beds in, i. * 

Lias i. /)(i» ^ . 

moulding; sands in, i. I'U ; ii. I 
IVrtnian beds m, i. hi 
Nova Scotia, gold placers in, i. 117 
Nuneaton, Ifartshill quartzite at, i. 40 
Nuneaton sainl, ii. 27 
Nunehani Park. (lieensan<l at. i. (53 

Oahu, shore sand of, t. IHO 
(Jakmoor, ]>ocket- sands at. i. 43,9.34 
Oare, Bagshot beds at, i. 71 
Oborhohe, kiesolguhr at, i. 07 
Obsidian, i. 3, 0 
Oocurn'neo of saiuls. i. 37 
Ochil Hills, Old Red Sandstone in, i. 
41 

Och«e, i. (53, 189 

Ockshot Street, Bugshot sands at, i. 71 
Oil tloutation, i. 425 
sands, i. 82. 131 

Oils as bond in moulding sands, ii. 117 
Oilstone sand, i. 131 ; ii. 200 
Oklahama, pumice .sand in. i. 137 
Old moulding sand, ii. iM5 
roclaiining, ii. 12t> 

• Old Red Sandstone, i. 41 
felspar in, i. 185 
soil, i. I(>2 

use of, for furn»M*<'s, ii. 137 
Oldham, glacial IxhIs at, ii. Ill 
01 dhav(5n lieils, i. (50, 08, 70, 132 
Oligoeone sands, i. 72, 132 
Oligoohuse, i. 208 

Oliver t-ontinuous Filter Co., i. 4()r), 
400 

Olivino. i. 3, 115, 180, 180, 208, 2o0, 
224, 231 

* OrCtion of a(ti<l on, i. 2(55 
Onyx, i. 175 

Oolite sands, i. 55, 5(5, 57 

minerals in, i. 181, 182, 100, 204 
Oolite soils, i. 1(52; ii. 10(5 
Oozes, i. 32 

Opal, i. 174, 175. 208, 209 
(^penors for moulding sand, ii. 118 
Open-hearth furnaces, sands for. 

* iS’cc Furnace sands 
Open-sand moulding, ii. 76 
Optical properties of sands, i. 207 
Old & Maddison, Ltd., i. 411, 458, 

• 459, 400 

Ordovician quartzitjy, i. 40, 141 
Oregon— /' 

gem sands in, i. 114 
metalliferous stands in, 118, 133 
monazite sand in, i. 128 
pumice sand in, i. 137• 
Ores, smelting samf for, ii. 129 
X)rJord, Eocene beds at, i. 07 


Organic action rocks, i. 9, 18 
Organi(t binders in moulding sands, 
ii. 11(5 

Organic matter— 

in concrcU) saiuls, ii. 20 
in furnace sands, ii. 141 
in glass sands, ii. 198 
in mouhling sands, ii. 109 
in saruls. i. 200 

for fire-bricks, ii. 147 
for lime-san<l bricks, ii. 13 
for plasters, ii. 58 
in soil. ii. 109 
Organic samls. i. 35 
Origin of sands, i. 1 
Orleans (Nebraska), |>umico sand at, 

i. 137 
Ormskirk 

BuiHer samls at. i. 54, 55, 86 
glacial sands at, i. 75, 91, 115 
glass sands at. i. 131 
moulding sanils at, ii. 113 
Orthoclnst', i. 3, 4, 184. 208, 209, 231 
()r(hoclas<>-(piarlz mixtures, fusibility 
of. i. 185 

Osborne Issls, i. 72, 132 
OKmiiim. i. 133, 200 
Ostwald, W., i. 174 
Oswestry, Permian beds near, i. 52 
Ottawa (111.), standard sand, i. 102; 

ii. 90. 91 

Oundle, Lower Oolite at, i. 58 
Ovrulninlen 

cost of rornciving, i. 281 
(li.sj)osal of, i. 281 

effect of, on cost of working, i. 273 
removal of, i. 278 

Overheating in drying, effec’ts of, i. 
413 

Oxfonl clay, i. 58 
OxfonJshim— 

(V)rallian Hag in, i. 58 
glacial .sands in, i. 75 
tireat Oolite in, i. 59 
(JreensHml in, i. 03, 189 
Lias in, i. 125 
mou)<iing sands in, i. 131 
IVjrtland licds in, i. 57 ; ii. 65 
oclu’o in, i. 189 
soils in, i. 162 ; ii. 166 
Wealdcii Isuls in, i. 60 
Oxidation, action of, on rocks, i. 9 
Oxides, effect of, on inversion of 
silica, i. 228 

Oxidising action of air on rocks, i. 10 
Oxted-- 

brick-making stmds at, ii. 3 
furnace sands at, ii. 137 
(» gloss sandj^ at, i. |]6 
Ot^nsands at, i. 63, 119 
Oxyalumina, i. 96 ; ii. 209 
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Packing sand, i. 460 * 

Page, Sir Hyde, i. 25 
Paint for furnaces, ii. 15^, 158 
manufacture, use of sand in, ii. 
229* 

Pakefield, glacial sands at, i.'7(l 
Palagonite-tuff, i. 166 
Palladium, i. 13:1, 200 
Pan mills, i. 359, 376 
for wet grinding, i. 381 
Panning, i. 250 
concentration by, i. 413 
Pontddu, silica rocks at, i. 43, 44 
Park Hill quartzite, i. 40 
Park Mine, pocket sands at, i. 43, 135 
I’arker, Winder & Achurch, i. 458 
Parrott River silt, i. 159 
Parrock Hall, glacial sands at, i. Hi 
Parsley Hay pocket sands, i. 43, 116, 
131,136 

Parting sand, i. 132 ; ii. 78 
for pottery, ii. 100 
sieves for, ii. 114 
Parting sands, clay in, ii. 96 
Oneness of, ii. 108 
properties of, ii. Ill 
Patching, sand for, i. MI 
Paving blocks, asphalt, ii. 69 
Pawling & Hamischfogor Co., i. 283 
Pebble Beds, Bimtor, i. 43 
dashing, ii. 55 
definition of, i. 2 
Pebloy Pond, quicksands at, i. 51 
Peddle, ii. 107, 200, 201, 202, 203 
Peeblesbire, bastarti ganistcr in, i. 45, 
108 

Pelagic dojKJsits, i. 32 
Pelitic tun, i. 166 

Pembrokeshire, quartzites in, i. 39, 
47,143 

Pencil ganisters, i. 43, 44, 60,107,110 
Penderyn, silica rocks at, i. 47 
Pendulum mills, i. 371 
Penistone, gonistor at, i. 104 
Pennington, D., i. 27 
Pennink, ii. 178 
Penrith, Permian beds at, i. 51 
Ponselwood, Greensand at, i. 62 
Pentland Hills, trap rocks in, i. 5 
Penwyllt— 

quartzites at, i. 44; 47, 48, 142 
use of, for furnace hearths and 
linings, ii. 137 

Pen-yr-alleg, rottonstone at, i. 45 
Peperino, i. 166 

Feppard, Reading beds at, i. 69 
Peppel, ii. 16 

Percussion table concentrator, i. 410 
Perforated screens, i. 447 
Peridotite, i. 3 
Perimorphs in sands, i. 172 


Permeability of moulding sands, ii. 
• 81, 103, 105 

of sand, i. 222, 224 4. 

Sf soils, ii. f69, 171 
tests of sands, i. 2o3 
Permian sands, i. 51 

minerals in, i. 186, 188, 189, 19G, 
109 

moulding sand, ii. 113 
washing, i. 385 
soils, i. 162 

Persy’s Park, Reading beds at, i. 68 
Perthshire, glacial driR in, i. 75 
Peterborough, Lower Oolite at, i. 58 
Potcrsfield, Greensand at, i. 62, 63 
Polrie, F’lindoi's. i. 22 
Petworth, Grotmsand at, i. 63 
Philadelphia, ornery at, i. 101 
Philippi, i. 181 < 

Phlogopito, i. 186. 208, 209, 224 
Phosphate of calcium in apatite, i. 100 
rocks, i. 199 
sands, i. 132 
Phosphates, i. 197 
action of acid on. i. 205 
Phosphatic sands, grinding of, ii. 175 
Phosphoric ticid in soil, ii. 169 
Phosphorite, i. 199 
Phosphorus compounds, effect of, on 
sands, i. 199 
in sands, i. 199 

Phosphoru.s.silica mixtures, fusibility 
of, i. 199 

“ Piano-wire ” screens, i. 446 
Pickering, weather-worn rocks at, i. !0 
Pierite, 1. 3 

Pig-bod sand, i. 46, 65 ; ii. 112, 113 
Pigments, use of sand in manufacture 
of, ii. 229 

Pistyll Quan’ies, furnotie sands from,* 
ii. 137 

Pit sand, i. 132 
for concrete, ii. 23 
for plasters, ii. 57 
volume weight of, i. 222 
Pitclistone, i. 3, 6 • 

Placer sands, sizing, i. 441 
Plaeei«, i. 29, 133 
Plagioclase felspars, i. 3, 4, 6, 206 
Planning pits and quarries, i. 273 
Plant, arrangement of, i. 468 ^ 
Plants, action of, on rocks, i. 18 
for binding sand, i. 25 
Plaster of Paris, n. 55 
and sand, ii. 5v y, 

Plastering sand, i. 133 
Plasters-- -.. ^ 

composition of sand for, ii. 67 
. drying soi^ji for, ii. 69 
effect of salts oilj ii. 58 
grading sand for, ii. 59 
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Plasters —cmUinued 

prepuratioti of sand for. ii. 50 
screening said for, 59 * 

scum in, ii. 58 

shape of sand grains for, ii. 58 
size of saini grains for. ii. 58 
sources of sand for, ii. 57 
testing sand for, ii. 50 
uses of sand in, ii. 55 
washing sand for, ii. 50 
Plasticity of moulding satid.s, ii. 83 
Platinum, i. 20, 133, 800 * 

placers, i. 133 

Pioan, silica rocks at, i. 45, 150, 151 
Pliocene sands, i. 73, 133 
fur moulding, ii. Ill 
Ploughs, use of, i. 280 
Plumstcad, Woolwich and Keading 
• beds at, minerals in, i. 181 
Plutonic rocks, i. 2, 3 
Pcwket sands, i. 42, 44, 134, 190 
u.se of, for furnace hearths and 
linings, ii. 137 
for glass-making, ii. 194 
for semi-silica bricks, ii. 140 
for silica bricks, ii. 149 
“ Pockets ” of sand, i. 34 
• Pocklington, Liiis at , i. 50 
Pods/.us, ii. 158 
Poidomctor, i. 334 
Points in trnmw’ays, i. 310 
Polden Hills, Hhnetic beds in. i. 52 
Polishes, “ finish ” of, ii. 212 
hardness of, ii. 213, 214 
uniformity of Jiction of. ii. 212 
use of sands as, ii. 200 
Poli.sliing action, rapidity of, ii. 211 
powder, i. 48 

sands, properties of, ii. 211 
* size of particles for, ii. 221 

sources of sand for, i. 88, 92, 90, 
137, 140, 158, 105, 100; ii. 208 
Pollard, i. 140 

Pontefract, moulding sands at, i. 131 ; 
ii. 113 


Pontesbury, Stiperstones quartzite at, 

^ontSticill, silica rock, use of, for 
• furnac'es, ii. 137 


Poole, J. & F., Ltd., i. 402 
Porcli^ter, Eocene beds at, i. 60 


Porc*8pace in sand, determination of, 
• i. 201 


Porosity and perm^bility, relation 
of, ii. 100 0 

Porosity of moulding sands, ii. 81, 100 
of sand, i. 222« 0 

for explosives, ii. 226 
of soil, ii. 170 $ 


tests of sands, i.COl, 262 


VOjfous bricks, ii. 20 


Porphyritic graSite, i. 4 
Porphyry, i. 5 

Port Ellen, iifuni'tzites at, i. 39 
Portable bel^. conveyor, i. 334, 335 
Port*a*cJoy, silica ro< k, i. 49, 186 
use of. for glass-making, ii. 195 
Portaskaig, quartzites at, i. 39 
Porthywaen, silica rocks at, i. 40 
Portland IhmI.s, i. 57 
sand, i. 57 

use of, for roads, Ii. 05 
soils, i. lf)2 

stone, use (»f, for coner<.>t<\ Ii. 24 
Portnish, shoiv .sands at. i. 77. 157, 
158 

use of, for glass-making, ii. 195 
PorlsoH, Ko(N*ne beds at, i. 00 
I’ortakewet. alluvium at, i. 89 
I’ortsniouth, Barton beds near, i. 72 
Post-Tertiary sands, i. 7t» 

Pot sand, i. 80 

Pobish, cfToct of, on refractoriness of 
sands, i. 232 
in moulding sands, ii. 97 
in soil, ii. 109 
.<aan<l as source of, i. 1<)4 
Potassium compounds, effect of, on 
inversion of silica, i. 228 
silicate, effect of, on invemlon of 
silica, I. 228 

Poller floatation process, i. 425 
Pottery manufacture— 

preparation of sand for, ii. 190 
.size of grains for, ii. 199 
sonnies of sand for, I. 40, 54 ; ii. 
190 

testing sand for, ii, 190 
uses of sand in, ii. 189 
Pounce, i. 137 

Power requirrid by jaw-crusliors, i. 349 
sources of, i. 270 
Poyle, Heading beds at, i. 68 
Pozzuolana, i. 0, 136 
artificial, i. 130 

effect of, on cements and mortars, 
ii. 49 

for conen^te, ii. 25 
mortars, ii. 44 
Pozzuoli, i. 130 
Prose, i. 175 

I’re-Cambrian quartzites, i. 139 
Precipitateil sands, i. 36 
Preparation— 
of abrasive sands, ii. 223 
of furnace sands, ii. 142 
of kieselguhr, ii. 227 
of moulding sands, ii. 113 
^f sands for agriculture, ii. 175 
> for cemants and mortars, ii. 53 
Tor concrete, ii. 40 
'or explosives, ii. 227 
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Prepai’at/ion- confint4€<t 
of Hands for filtors, ii. 182 
for glass-making, ii.*20l 
for ilino-sand bricks,•ii. 17 
for pbistors, ii. 59 • 

for pottery inanufactnre, ii. 190 
for production of chemicals, ii. 
187 

for refractory lnick.s, ii. 151 
for refractory purposes, ii. 158 
for roa<ls, ii. 72 

for use in building construction, 
ii. 74 

Presteign, Old KtsI Sandst one at, i. 41 
Prosion, lliinter beds at, i. 54 
Priestinan Tirotbers, i. 288 
Primary grains, i. 172 
sands, i. 7, 57, 138 
formation of, i. 7, 20 
Prince, W. F., ii. 12l» 

Properties- 

of abrasives and polishes, ii. 211 
of santls, i. 202 

for abrasives, ii. 210 
for absorbing purposes, ii. 228 
for ugriculturo, ii. 100 
for annealing, ii. 228 
for bedding purpose.s, ii. 70 
for bit uminous fabrics, ii. 75 
for brick-niaking, ii. 2. 5, 0, 7, 8 
for liuilding purposes, ii. 70 
for eenienls and mortars, Ii. 48 
for ehernieal purposo.s, ii. 180 
for coking, ii. 228 
for conorotc, ii. 20 
for eiuimelling, ii. 150 
for (M-asers, ii. 228 
for j'xplosivos, ii. 220 
for (ilhH's, ii. 228 
for lilters, ii. 178 
for tit*o*hri(?ks, ii. 147 
for foundations, ii. 75 
for friction, ii. 229 
for furnacH' hearths and linings, 
ii. 158 

for gUiss-mnking, ii. 195 

for hour-glasses, ii. 229 

for insulating materials, ii. 20 

for light bricks, ii. 20 

for linio-sand bricks, ii. 10 

for moulded articles, ii. 74 

for moulding sand, ii. 79 

for paints, ii. 229 

for plasters, ii. 57 

for pottery, ii. 189 

for mfining furnaces, ii. 129 

for refractory cements, ii. 15t) 

for refractory purposes, ii. 147 

for rood bed^, ii. 70* 

for roa<l fillers, ii. 70 

for ryads, ii. 61-70 


P|opprt ies— 

of .sands for iubber manufacture, ii. 
• *250 • • • 

for sand seals, 250 
for silica bricks, ii. 147 
for smelting, ii. 129 
foi' soap manufactum, ii. 230 
for water softening, ii. 230 
for welding, ii. 150 
for woodworking, ii. 230 
of soil, ii. 169 

Pro!5>oeting for sands, i. 269 
Proximate analysis, i. 241 
Puddle, sand for, i. 42 
Pudaon, i. 5t> 

Pug-ganistor. i. I I I 
sand for, i. 50 

T'iill)ormigh, (Ireerisand at, i. 63 
Pulver Blender, i. 452 
Pulverent rock, i. 210 
T^umice powder, u.se of, as nn abrasive, 
ii. 209 

Pumice sand, I. 137 

use of, for concrete, ii. 25 
for light bricks, ii. 2t>, 21 
for pla.stei's, ii. 57 
Pumj) for dredging, i. 295 
Pumps, i. 294 
PimHold beds, i. 60 
Purainaelios, u.se of, for refractory 
purpose's, i. J 11 ; ii. 150 
Purheck beds, i. 57 
Purification of sand-- 

for abrasive purpo.ses, ii. 225 

for brick-making, ii. 8 

for cements and mortars, ii. 55 

for chemical purposes, ii. 187 

for <‘onerete, ii. 40 

for lilters, ii. 182 

fyr glass-making, ii. 204 

for lime-sand bricks, ii. 17 

for plasters, il. 59 

for pottery manufacture, ii. 19t) 

for roads, ii. 72 

l*urification of sands an<l sand rocks, 
i. 584 

by air sejiarution, i. 427 
by calcination, i. 454 
by chemical action, i. 455 
by concentration with water,^i. 415 
by electrostatic separation, i. 452 
by floatation, i. 425 ^ 

by magnetic separation, i. 428 
by washing, i.%1184 
l^usher-scoops for t#>in beds, i. 282 
I*wll Byfro, ganister at, ii. 137 
rottonstifne at, i. 4l4 
Pyrites, i. 10, 189. 209, 224 
* in sand, effect ob on concrete, ii. 30 
Pyrope, i. 111 * 

PyrophylUto, i. 183, 208 
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Pyroxene, f. 4. 0, 20, 179, 224 
PyiThotiiio, i. JO, 189, 224 

Quarry floor, ur*j|in^(>rnont of, i. iJiO 
waste for limo-san<l l)rifks. ii. 1(> 
Quarrying sand, i. 200 
sand-rocks, i. 204 
Quart/.— 

action of aci(! on, i. 204 
alkali<‘s on, i. 204 
crystals in porphyry, i. a 
electric properties of, i. 224 
expansion of, i. 2‘{3 
fus<><l, i. 170 ; ii. 192 
ofl’jx't of heat on, i. 227 
fusibility of, i. 221 
glass. ' *SV<. J'hjsi'd quartz 
Jiardnoss of, i. 200 
ift tluviatilo sands, i. 20 
in granite, i. 2 
in igneous rocks, i. 2, 4 
in sands. *Stc un>kr various in- 
ilustries 

in trap rocks, i. 0 
inversion of, i. 22<) 
magnetic properties of, i. 224 
povvdcrerl, for clicinicul ])ur])o.ses, 
ii. 18') 

propci-l.ios of, i. 176, 208, 209, 221, 
224, 229, 221 

refractive ind<’X of, i. 208 
separation by floatation, i. 42t> 
specifle gravity of, i. 22J 
volume clianges of, i. 222 
w are, ii. 200 

Quartz-felspar mixtures, fusibility of, 
i. 185 

-mica mixtures, fusibility of, i. 187 
-ortbochise mixtures, fusil>ilitv of, 
i. 185 

-porphyry, i. 5 
-scJiist, i. 24, 138 
Quai'tzites, i. 29, 138 
impurities in. i. 128 
Quatford, Hunter beds at, i. 54 
Quebec, ifon sands near, i. 122 
Quicksand, i. 142 
jp cements and mortars, ii. 48 

Kadcj|iff-on-Trent, Hunter beds at, i. 
^54 

R^iolarian sands, i. 22, 35 
Kadlett, Koadiiig bods at, t. f>8 
Rails for tramway. If 217 
use of sand on,ki. 229 
Railway and Industrial Kngineering 
Co., i. 281* • 

Railway transport, i. 342 
Rain, action of, oir rocksf i. 9, 14 
^ainford, glacial sands at, i. 75 
l^lasB sands at, i. 110 


Randanite, i. 1^8 

use of, n« an abrasive, ii. 220 
Range of fijliion of silica, i. 222 
Ransoine, V., ii. 19 
Rnnsoii»e Machinery (.’o., Ll<l., i. 210 
j Rapid Digger Co., i. 282 
Rapid sifter, i. 452 
Kapidity of abrasive action, ii. 211 
Rapp leviviller, i. 252, 254 
Kastall and hake. i. I(i2 
Rath, < 1 . von, i. 177 
Kntionnl Analysis, i. 229 
Hayleigli, Hagshot beds nl, i. 70 
Raymond lm]>act Pulvxu'iser Co., i. 
272 

Reaction temjMTatures of lime-.siliea 
mixtures, i. 192 
K.-ade, T. Mellard. i. 28 
Reading beds, i. tiO, 67 
santls, I. 67, H‘8 

ininer'als in, i. 180, 181, IKO, I8S, 
HMt, 204 

Cpper J0oer*n<^ Ired.s at, i. 70 
Re-ealculatotJ analysis, i. 240 
Recent sands, i. 76, 142 
RiM'iprocating sci’cens, i. 454 
Reclaiming old sand, ii. 120 
Reciystallisation of silica, i. 22t) 
Red-buT'iiing sands, i. 144 
Re<l Crag, i. 72 
Red fog, i. 24 

Red Hill, Hngsliot laxls at, i. 71 
IVrmian beds at, i. 51 
Red Hill Tunnel, Hunter beds in, 
i. 54 

Red .sands, i. 142 
at St. Krth, i. 122 
Rrxlear, i. 50 

R<‘dgate, .silica r•ocks near, i. 48 
Rtxlnall. biek(\y quartzite at, i. 40 
Relining furmu-es, san<l for, ii. 124 
metals, sand for, ii. 129 
Refi’action of light by sands, ii. 207 
Refijrc.tivi* index- - 
detiiiition of, i. 242 
determination of. i. 242 
of sands, etc., i. 208 
Refi'uetoi’inf^ss defiiujd, i. 145 
of moulding sands, ii. 80 
Uofractoriiu'ss of sand— 
determination of, i. 200 
('ffect of alumina on, i. 195 
ealeium phosphate on, i. 109 
fcls[)ar on, i. 185 
impurities on, i. 222 
lime on, i. 192 
mica on, i. 180 
titanium oxide on, i. 197 
for fijrnac**«, ii. 168 
for refractory bricks, ii. 147, 149 » 
152 
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Refractoriness of nwx^—continued 
for refractory comonts, ii. 150, 158 
hollow-waro, ii. 152 ♦ 
purposes, ii. 138 i 
for silica bricks, ii. 147, 14Q 
Refractoriness, reducing, i. 205 
tests of sands for, i. 200 
Refractory bricks, ii. 21 

sands for, ii. 145. See also Re¬ 
fractory sands 
cements, ii. 154 
hollow-ware, sands for, ii. 152 
material, sand as, ii. 1.32 
properties of sands, i. 220 
red sand, i. 73 

sands, pi'cparatiou of, ii. 158 

sources of, i. 40, 43, 44. 46, 04, 
72, 73, 88, 80, 02, 141, 143, 
144, 148, 153, 154; ii. 132, 
137, 145 
t/csting, ii. 100 
texture of, ii. 160 
Regur in India, i. 31 
Reigate— 

abrasive sand at, ii. 222 
brick-making sand at. ii. 3 
furnace sand at, ii. 137 
glass sands at, i. 116 ; ii. 194, 105 
(Ireensand at, i. 63, 118* 119, 181, 
435 

Reloading sand, i. 472 
Removal of overburden, i. 278 
of water from sands, i. 401 
Reptiliferous sandstone, i. 220 
Repton-on-Trent, Buntcr beds at, i. 
53 

Residual sands, i. 146 

Resin as bond in moulding sands, ii. 

118 

Resistance to crushing, determina¬ 
tion of, i. 265 

Retford, Bunier l>crls at, i. 53 
Ketgors, i. 180, 188 
Retorts, ii. 154 
use of sand in, ii. 228 
Reverberatory furnaces, i. 437 
sand for, ii. 134 
Reversion of silica, i. 230 
Revolving buddies, i. 417 
pan mills, i. 376 
screens, i. 456 
Rhaetic beds, i. 52 
sandstone, i. 154 
use of, for furnaces, ii. 137 
Rhca-y-cao, glass sands at, i. 116 
pocket sands at, i. 43,135 
Rhine, trass near, i. 165 ^ 

Rhodin, J. G. A., i. 434 
Rhodium, i. 133, 200 
Rhodolite, i. 111 

Rhondda Engineering Co., Ltd., 1. 393 


Rl^ne, sand carried by, iJ31 
Rhyddlun, Buntcr Ixjds at, i. 64 
Rhyolite, i. 3,^, 34 • • 

Ribblc, sand can-iedjjy, i. 26, 28 
Hilu.lcn— 

glass sands at, i. 116 
moulding sands at, i. 131 
pocket sands at, i. 135 
Richardson, ii. 65 
Richter, i. 232 
Riehtofen, i. 27 

Riel^nansworth, Kocene l>cd8 at, i 

66, 68 

Kidding overburden, i. 278 
Hiddirigs, silica rock al, i. 50, 154 
Riddles. Sec Screens 
Ridgeway, gani.ster at, i. 46, 49. 109 
Ried«>l, T. D., ii. 184 
Ricko, K., i. 185, 186, 191, 197, 126, 
228 

Rios, 11.. ii. 86, 106 
Rikofs sand washer, i. 391 
Ringmer, Greensand at, i. 63 
Ripon, Hunter beds near, i. 53 
Ripple-marks iii sand, i. 27 
Rishton, ganister at, i. 107 
Uillingtir, j. 251 
concentrating table, i. 417 
River sands, i. 78, 104 
use of, for concrete, ii. 23 
volume weight of, i. 222 
River.s, action of, on rocks, i. 9, 12 
Road construction, u.so of sand in, 
ii. 60 

-beds, sand for, ii. 71 
traction, i. 340 
Roa^ls- 

asplialt, sands for, ii. 65 
asphalt-concrete, sand for, ii. 67 
asphalt-mastic, sand for, ii. 69 
bitulithic, sand for, ii. 67 
bitumen concrete, sands for, ii. 65 
brick, a*ind for, ii. 64 
composition of sands for, ii. 62 
concrete, ii. 63 
grading sand for, ii. 63 * 
hardness of sand grains for, ii. 63 
preparation of sands for, ii. 72 
screening sands for, ii. 72 
shape of sand grains for, ii. 63 
size of sand grains for, ii. 63 * 
testing sands for, ii. 72 
Roasting furnaces, ii. 437 
Robin Hood's Bfly, Lias at, i. 56 
Rochester—• V 
glass sands at, i. 116 
moulding, sands at;; ii. 112 
Reading beds at, i. 68 
Thanet bcfls at, i. 116 ; ii. 112 
lock fragments iif sands, i. 200 
I loosening, I. 295 
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Rocker concentrator, i. 416 

Rocking cableway, i. 471 

Rocke, (fisintejj^ration V. i* 20 * 

Roilgers, A. F., ^ 177 

Rogate, Gr<!on«nn»l at, i. 118 

Rogers, H. L., ii. 33 

Hogerson, T. R., ii. 15ri 

Roll mills, i. 371 

Romaldkirk ganister, i. 43 

Romnoy Marsh, Wealden bods at, i. 

60 

Roofing tiles, use of sand for, ii. 1x9 
Rookery, glacial sands at, i. 75 
Rookhope ganister, i. 43, 107, 108 
Ropes, breaking strain of, i. 3It} 
for aerial ways, i. 322 
for haulage, i. 315 
Ropeway t'xtension, i. 326 
Ropeways Ltd., i. 320 
Rork floatation proiu^ss, i. 425 
Roscoe and Sehorlcmnier, i. 175 
Rose quartz, i. 177 
Ross and Bleininger, i. 229 
Ros.s l>elt feeder, i. 362 
Rosslare— 

blown sands at. i. S3 
glass sands at, ii. 195 
shore .sand at, i. 77 
Ross-shire, metamori)hic rocks in, i. 

39 

OM Red Sandstone in, i. 41 
Rotary drainers, i. 404 
drills, i. 299 
filters, i. 405 

furnaces, sand for, ii. I3t) 
kilns, i. 438 
screens, i. 450 

Rotherfioid, Ashdown sands at, i. 

61 

Reading beds at, i. 69 
“Rotten rocks,” i. 150, 153 
use of, as moulding sands, li. 113 
Rottenstono, i. 44, 146 

use of, as an abrasive, ii. 209 
Rough cast, ii. 55 
RmmdedV. angular grains, i. 218 
Rounding of grains, comparison of, 
. 1 . 220 

Rowsloy, silica rocks at, i. 46 
Rua^n, ganister at, i. 109 
sil^a rocks at, i. 152 
Rubber, use of sand in, ii. 230 
pricks, use of sand for, ii. 7 
Rubery, Lickey qujfrtzite at, i. 40 
Rubies, i. 114. 
artificial, i. 114 

Ruddington HiH, Buntoii beds at, i. 

54 

BuggIeH-Cole.s dryer, i. #10 
.Rimcom, Bunter nods at, i. 55, 131 
•moulding sands at, i. 131; ii. 118 


Russia— 

black earth in, i, 31 ; ii. 164 
gold placiA*s in, i. 117 
loess in, v 126 
platiryim j)lftcors in, i. 133 
Ruston, llornshy (-o.. Ltd., i, 284 
Hiithcninm. i. 133, 200 
Ruthin, Bunter beds at, i. 54 
Rnlile, i. 20, 81, 196, 208, 209, 224, 
231 

action of ludd on, i. 204 
Rullundsliitv, IJas in, i. 56 
Lowin' Oolite in, i. 58 

Sabin, ii. 30, 45, 51 
Sack tillers, automatic, i. 474 
Sacking smiils, i. 473 
Sacoinbo. Kocerie Im'iIs at, i. <i6 
Safety Binory Wheel Co., ii. 219 
Saggers, ii. 154 

use of sunils in, ii. I3li 
Sahara desin't sand, i. 22, 23 
olivine in, i. I8(i 
St. Agnes Bem'on sands, i. 73 
use of. for erueibles, ii. 152 
for moulding, ii. 131 
St. Alhnns, Kocono ]»cds at, i. 66 
St. Alban’s Hoad, Portland beds at, 

i. 57 

St. .\niics, sand dimes at, i. 27, 28 
St. .Austell, tin-bearingsamls at, i. 164 
St. Bees, Bunter l>ods at, i. 53 
St Briiles, Lias at, i. 57 
St. Krtli sands, i. 73, 133 
efiemieal analysis of, ii. 90 
mineralogical (composition of, ii. 91 
texture of, ii. 107 

use of, for moulding sands, i. 131 ; 

ii. Ill 

St. (leorge’s Hill, Hagshot beds at, i. 
71 

St. Helens, glacial sands at, i. 75, 91, 

115 

St. Ives, shore sanda at, i. 158 
St. Lancing, Koceno bods at, i. 66 
St. Lawrence river, black sands of, 1. 
189 

titaniiiin-lH^aring sands in, i. 164 
St. Mali) sand, strength of, ii. 30 
St. Mary Cray, Thanet bods at, i. 67 
St. Pirian, sand dimes at, i. 27 
Salisbury, Koeene bods at, i. 66, 68, 
70 

Salt (sodium chloride), action of, on 
sand, i. 205 

Saltbum, Lower Oolite at, i. 58 
Sprits, soluble, in sand — 

" effect of, in brick-making, ii. 1 
in cem#nts and mortars, ii. 48 
in filter sands, ii. 178 
in gloss sands, ii. 198 
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Salts, soluble, in san<f—continued 
effect of, in Hme-sand Ijrieks, ii. 13 
in rnoukiin^ sands, il. 89, 98 
in plaster, ii. 58 « 

roirioval of, I. 150 , 

Salts, soluble, in soils, ii. 108 
Samplinjr sand, i. 235 
Sancton, kstimrine sands at, i. 59, 123 
Sand— 

abrasive ludion of, on rcM^ks, i. 10 
action of ligljt on. ,Siui Refraction 
fijsil)ility of, i, 230 
in soil, cfTeet of, i. lOl 
purification of. ^S(•e Purification 
.siyji of parti<‘les of, i. 1 
use of. See under various in¬ 
dust rii'S 
Sand Imrs, i. 30 
• hau.\ilo l>rk;ks, ii. 145 
-bearing deposits, i. 277 
hinders, i. 25 

-blast material, tower dryer foi‘, i. 
409 

-blasting ]>roee.ss, ii. 207 
-cements, stnaigth of, ii. 43 
-clay rojuls, ii. 00 
face on bricks, ii. 1 
filters, ii. 17() 
lulls, formation of, i. 24 
oceuiTenco of. i. 2<) 

•liruc bricks, sources of sand for, 
i. 42, (57 : ii. 10 
paper, fineness of, ii. 221 
saiul for, ii. 209 
•puni]), i. 293 
T'oivis, ii. 00 

rocks, i. 148. See <tlsi> Sandstones, 
mining, i. 295 
scale, i. 147 

seats in kilns, ete., ii. 230 
Sandfiekis, shore sands at, i. 158 
Sandgate, beds, i. <53 
Sandhurst, Kocene beds at. i. 70 
Sandringhuin .sands, i. (54, 118, 120 
Sands, formation of. i. I 
Sandstones, i. 107. 147 
Sandy (*arr, loarn.s. i. 101 
silica l•o<•ks at, I. 48 
soils, i. 101 

Sjuulyeroft Ll<l., i. 302, 303 
Sandyinount Straml - 
shorn sands at, i. 77, 158 

iLS(» of, for glas.s-making, ii. 195 
Santon Downliain, sand dunes at, i. 27 
Santoriri eartli, i. 130, 155 
Sapphires, i. 114, 133 
artiOciai, i. 114 

Sai'tU, diatomacoous earth at, i. 97* 
Sauerman drag-line excarator*, i. 293 i 
Saxony, bole in, i. 84 * 

Scabbing of moulding sand, ii. 80, 90 


Scandinavia, xenotimo in^ i. 198 
Scania, |>alagonilo tufT in, i. 166 
Seljeelfto, i. 1(^0, 198 • • 

Sohwts, i. 39, 155 
Schlossberg, I., ii. 1.52 
S(?hoene’s elulriator, i. 252 
Schott, ii. 190 

Scliroedor van <lcr Kolk, i. 243 
Schuster, i. 177 
Schwarz, i. 204 

Scoops for removing overhurden, i. 282 
Scjoi^ae, use of, for conorelo, ii. 25 
Sc-otland 

bastard ganisler in, i. 45, 48, 107. 

108; ii. 137 
(’orallian rocks in, i. 58 
diatomaceous earth in, i. 97 
furnace .sands in, ii. 137 
glacial drift in, i. 75 
glass sands in, ii. 194 
granite^ in, i. 3, 4 
Lins in, i. 57 
])alngonitc tuff in. i. 1(50 
cjuartzitcs in. i. 39. 4<5 
river sands <4. fc-ls])ar in, i. 184 
.sand dunes in, i. 2<i 
schists in. i. 15(5 
shore sands in. i. 157 
silica roeks iri, i. 41, 42, 45, 50, 150, 
151, 153, 19(5 ; ii. 137, I5»4 
trap rocks in, i. 5 
Scot I, A., i. 228 

Sc’ouring sand, i. 44, 51, (53, 154, 159, 
1(50 

soaps, sand for, i. 44 
Scraper convcyoi*s, i. 337 
Scrapers for removing overhurden, 
279 

Scr<‘cn-conveyor. i. 455, 463 
ScrecMiitJg sand, i. 442 
for ahrnsives, ii. 224 
for hric'k-making, ii. 8 
for cements and mortal’s, ii. 53 
for concrele, ii. 40 
for ex|»losivcs, ii. 227 
for fillers, ii. 182 ' 

for glass-making, ii. 202 
for lime-sand hrktks, ii. 17 
for moulding, ii. 113, 114 
foi- plasters, ii. 59 
for pottery rnanufaciure, ii. nJO 
for refractory purj)Oses, ii. 159 
for roads, ii. 72 
Screens, i. 442 
casijjgs for, i. 4(>.T|. 
concentric, i. 461 
conical r|tar.v, i. 458 
dimensions of, i. 4(53 
• enicriency (if, i. 448 
fixed, conical, i.*451 
cylindrical, i. 453 
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Scrocnft- -emiHu ucd 
hoatofl, i. 403 

hoxaj^nal mdvolvinp^ i. 458 • 
horizonUil hixI incliixxl, i. 448 
inc lination of*i. 443 
•jigftin*?, i. 455 
manner of usin^^ i. 240 
meshes of, i. 444 
moving, i. 454 
multiple, i. 401 
jMTfomtf'd sheet, i. 417 
piano-wire, i. 443 ' 

polyKumU, i. 400 

ratio of apertures to product, i. 402 
reciprocatiufx, i. 454 
revolvinjx, i. 45(i 
rotary, i. 450 

speed of rotation of. i. 4t)3 
*(antlartl, i. 240. 247 
supports for. i. 451 
suspeixli.'d rotary, i. 450 
vibrating, i. 440 
re'volvinir, i. 401 
washiti" witli, i. 300 
with bars, i. 445 
with brushes, i. 453 
with parallel wiivs, i. 440 
with slots, i. 147 
Screw de-vvatena-. i. 403 
drill, i. 208 
ScMiin, eaus(^ of, ii. I 

on bi'ieks du(^ to sand, ii. 2 
S(Minthorpe, ^'lacial sands at. i. I 15 
S{*a, effe<-t of, on rot.'ks, i. 0 
Sea-dust, i. 24 
Sea sands, i. 32, 156 
('ffect of, <(11 bricks, ii. 2 
us<( of, in laick-tnakijig, ii. 0 
in (roncrele, ii, 24 
in furnaces, ii. 130 
in plasters, ii. 57 

,Sea-water, acti<ai of, on rocks, i. 

13 

SeafortI, Roc<*n(‘ lasls at, i. tiO 
Seals (of sand), f(»r funuuvs. etc., ii. 

230 

24<‘archin^ for sands, i. 2t)0 
Heater, i. 228, 22<» 

Secondary blasting, i. 307 
deposits, formation of, i. 20 
rn^iorals in sands, i. 172 
sands, i. 150 

StdliiTfili, silica rocks at, i, 41. 40 
Sedentary sands, i.^lOO 
soils, i. mo ^ 

Sedgemoor, Khaidic bed.s at , i. 52 
Sedimentary sa^ds, i. loj 
soils, 1 . 101 

Sedimentation, drying i. 401 
grading by, i. JRO 
Seend. (4rffPn.sand at, i. 03 ; ii. 112 
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Soger, i. I, I94?211, 252, 253. 441 
eones, use of, i. 200 
Seger an<l (iranier, ii. 28 
Selby, Hunger sands at, i. 53, 55 
glucii^l sands at, i. 70 
Seb'etion of abrasive sands, ii. 222 
Seh'ktor s('pHrat<(i'. i. 407 
Somi-siliea bricks, ii. 145, 140 
Senft, ii. lOH 
Sopjirution of minerals - 

l)y eleotrostatie m<‘ans. i. 25S 
by lieavy lupiitl.s, i. 257 
l>y magnetie nx'ans, i. 25S 
l)y viliration, i. 250 
.S<*parators, cyclone, i. 407 
for <!usl and air, i. 405 
Sericit<‘, i. ISO 

Serp<'iitine, i. 180 . 207, 208, 2(Mt 
action of acitl on, i, 205 
Settle, silica rocks at, i. 40 
Sottkanent <.)f grains, rat<' <(f. i. 251 
S(‘ttling of grains, tinu* of, i. 251 
pits, i. 401 

S<*v<‘noaks, (Iroensand at. i. 03 
S<'V<*rn. estuary warp in, i. 33 
rivaa' sand. i. 105 

\alley. Ohl Kc<l Sandstone in, i. 41 
Sexton and Primrose, ii. 1(»9, 121 
Sgrallito, ii. 55 
Shaft kilns, i. 435 
Shaly sjuxl, i. 210 
Slaiji granite, i. 4 

Shaj )0 of grains in abrasive sand. ii. 
210 

in san<l f<(r bit uminous fabrics, ii. 7!l 
for lirick-inaking. ii. 3, 5, 7. 8 
for cianeiils and iixirlars. ii. 50 
for concrote, ii. 31 
for lUlers, ii. 220 
for hlters, ii. 178 
for furn»i<5«‘s, ii. 141 
f((r glass-making, ii. 100 
f<ir liour-ghi.ss<‘s, ii. 220 
for liine-san<l lu'icks, ii. 13 
for mouhhii!/, ii. 104 
for |)last<Ts, ii. 58 
for Hauls, ii. 03 
for sand seals, ii. 230 
f<(r silicji bricks, ii. 140 
Sha|)(‘ of grains of sand. i. 217 
Shareshill, I’errnian lieds at. i. 52 
Sharp, J., ii. 121 
Sharp sands, i. 20 

w. rounded grains, i. 218 
Sharjmess of sand, examination of, i. 
205 

Shaw, •!.. ii. 108 
Sheffield — 

bastard ganistei; near, i. 110 
j^nister, i. 49, 104 , 106 , 108 ; ii. 00, 
91 
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Sheffield —continued 
glacial sand near, i. 76 
moulding sands used ii?*, ii. 11!1 
sandstones near, i, 154« 

“ white flint ” near, i. 155 , 
Shollingford, (Ireensand at, i. 63 
Shell-romains, effect of attrition on, 
i. 219 

sands, i. 24, 27, 35, 167 
Shells in sand, i. 156, 201 
Shepherd, i. 230 

Shincliffe, Permian beds at, i. 51 
Shiplake, Eocene be<ls at, i. 66 
Shoots. See Chutes 
Shore sands, i. 77, 167 

use of, for gloss-making, ii. 194 
Shotover, Portland beds at, i. 57 
Shotover Hill, Oroensand at, i. 63, 189 
Wealden iron sands at, i. 181 
sands, i. 57 

Shovelling earth, rate of, i. 278 
Shrewsbury, Permian beds at, i. 51, 52 
Shrinkage of moulding sands, ii. 58 
Shropshire— 
glacial drift in, i. 75 
sands in, i. 76 
glass sands in, i. 116 
moulding sand in, i. 76 
quartzites in, i. 141 
aandstoiio in, i. 41, 50, 52, 54, 57, 
154 

8iam, tin-bearing sands in, i. 164 
Siberia, gold placers in, i. 117 
Sidebottorn, .1. B., ii. 153 
Siderite, i. 209, 224 
Sidlaw Hills, Old Ked Sandstone in, i. 

41 

Sidmoutb, Keuper beds at, i. 53 
Sieves. iS'ec Screens 
Sifter, “ Rapid,” i. 453 
Sifting sand. *SVe Screening 
Silchestor, Heading beds at, i. 69 
Silfrax, i. 86, 89 

Silica, action of alkalies on, i. 204 
carbon on, i. 205 
lime on. i. 204 
amorphous, i. 174 
and alumina, interaction of, i. 191 
as an abrasive, ii. 208 
calcined, i. 176 
cellular, i. 178 
colloidal, i. 18,176 
crystalline, i. 176 
effect of heat on, i. 226, 229 
repeated heating on, i. 227 
forms of, in sands, i. 173 
free, in sands, i. 173 
fusion temperature of, i. 230 
identification ofi different forms of, . 
i. 177 

in moulding sands, ii. 86 | 


in sands for brick-making, ii. 2, 3, 8 
r fof chemii^l purposes, i\. 187 
for onamoiling i|fetals, ii. 130 
for filters, ii. 178 
for glass manufacture, ii. 195,196 
for furnaces, ii. 138, 139 
for limo-sond bricks, ii. 11 
for metal mixture.^, ii. 129 
for plasters, ii. 57 
or refining metals, ii. 129 
or roads, ii. 62 
for silica bricks, ii. 147 
for silica cements, ii. 156 
for smelting metals, ii. 129 
in soils, ii. 167 
inversion of, i. 226, 228, 230 
rcciystallisation of, i. 226 
reversion of. i. 230 
ring-cornpo\iiuls of, i. 174 
Silica-alumina mixtures, fusibility of, 

i. 195 

bricks, clay in sand for, ii. 148 
composition of sand for, ii. 147 
impurities in sands for, ii. 147 
j)rcparatiorj of sand for, ii. 151 
refractoriiK'ss of sands for, ii. 148 
resistance of, to tem{)enituro 
changes, ii. 150 

shape of sand grains for, ii. 149 
size of sand grains for. ii. 150 
sources of sand for, i. 39, 40, 41, 
42, 43, 44, 45, 47, 48. 49, 50. 52, 
105, 108, 110, III, 139, 140, 
142, 143, 149, 153, 154, 155, 
156, 158, 229 ; ii. 146 
specific, gravity of sand for, ii. 
149 

testing san<l for, ii. 151 
-calchim phosphato mixtures, fusi¬ 
bility of, i. 199 
cement, i. 111 ; ii. 165 
in rocks, i. 47, 49, 143 
flour, sand for, i. 41, 46, 140, 141, 
153, 158 

for moulding purposes, ii. 78 
gloss, i. 173, 175 ; ii. 192 
-limn mixtures, fusibility of, i. 192 
rock os opener, ii. 118 
rocks, i. 43, 104, 138, 143, 147. 155, 
158 ' 

•titanium oxide mixtures, fusi¬ 
bility of, i. 197 
ware, fused, ii.* 200 
Silicates in sands, i.-179 
molten, effect of, on inversion of 
silicr. i. 228 

Siliceous abrasives, composition of, 

ii. 21? 

sinter, i. 169, I7i‘ 

Silicia, palagonite tuff in, V. 166 
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Silicic acitl ifi mortar, ii. 

Silicon alloys, ii. 184 
sainffor. ift 120 
(‘jirbiih'H, i. 86 ^ 

as alirasivcK, ii. 200 
■ iis(^ of. for ivfractorv jiurposcs, ii. 

\r}^ 

coinponmls, [irt'paralion of, ii. ISO 
nitride, i. S(i: ii. 184 
pix'pai-ation of, ii. IS.’I 
suit, i. SO 
Silk sieves, i. 445 

Silliinanilc, i. 20. 182. 208, 20J), 224, 
2:U 

action of acid on. i. 204 
rosistunco of. to chemical roaijents, 

i. 205 

Siloxicon, i. SO, 90; ii- I5S 
Sil(Bci<lf' ^lass, ii. 102 
Sill, i. I. 00, no, 159, 211 

effect of. in cernenls and mortars, 

ii. 4S 

in eoncrele, ii. 20 
in lilter sands, ii. ITS 
in mouldin’^: sand, ii. lOO 
Silundino. i. SO 
Silurian sandstones, i. II 
soils, i. 102 

Silver <-astinjr, sands for, ii. 112 
furnaces, sand for, ii. 105 
sand, i. 100 

foT’ cetiH'id-plasters, ii. 57 
Silver »Strand, shore sands at, i. 77, 

150; ii. 105 

Silverton, Permian l>e«ls at. i. 52 
Silvest re, i. 107 
Simonds, H. 11., i. 245 
Simnnis, i. 104 
ISinglo-rope haulage, i. Oil 
Sintoi*s, i. no 
Sirocco-dusI, i. 24 
4i5ite of sand-pit, sekM'tiii};, i. 272 
Siz(? of abrasive* particles, ii. 217 
of crushed material, i. 040 
Si/.o of ;;ra.ins- - 

earrieiPhy water, i. 12, 10 
• carried by win<l, i. 20 
jinportance of, in industry, i. 210 
in sand for bituminous fabrics, ii. 70 
b)r brick-makinjr. ii. 0 
nn‘ cements an<l mortars, ii. 50 
for concrete, ii. 02 
for explosives, ii. 227 
for filters, ii. IW 
for furnace^ il. 141 
for glass-niakin^f, ii. 100 
for lime-sartd brick8,||i. 14 
for moulding, ii. 105 
for plasters, ii. 58 # 
for roods, ii. 
for««ilfba bricks, ii. 150 
VOL. Tl 


Size of particle^ which settle out in 
<liffercnt limes, i. 251 
Sizing sands# i. 441 
Skelinersilal#, glacial sands at, i. 75 
Skye, di^tomaceous (‘artli in. i. 07 
Slag sand in eoneivle, ii. 20 
in phisler, ii. 57 
Slates, i. 00 

Sleaford, L«i\V4‘r Dolile at. i. 58 
Slu've More (|uartzite, i. 00. 140 
Sluices use<l bn* washing, i. 0St» 
Sluicing, eoneenlration l)y. i. 415 
Slutcli, i. 20 
Small, ii. 181 

use of .sand in inanufaiduix* of. ii. 
220 

Smi’lting furnaces, sand for, ii. 104 
metals, sand for, ii. 120 
Smidth. P. b.. i. 2i)l 
Smith de-vvalering cone, i. 102 
Smith Kngineering Works, i. 001. 402 
Smoky (piurtz, i. 177 
Smoothing, sands for. i. 107 
Snailh. Punter heils at. i. 50, 55, 101 
Snead, t>h! K<mI Sandsloia* at, i. 41 
Snow, action of, on ixa-ks, i. II 
Soaking pits, sand for. ii. 104 
Soaps, soiii’ces of .sand for. i. 40, 47, 
ll!h 140. 150, 158 
use of sand in, ii. 200 
Soar river. Hunter sands in, i. 54 
Soda, action of, on .sand, <*t<-., i. 201 
'■tfe«‘l’ of, on refraetorine.ss of sand, 
i. 202 

Sodalile, i. 208 

Soilium ehloridi', a<*(i(m «»f, <*n sand, 

i. 205 

pfiospJiale, I'ffeef of. on inversion 
of silica, i. 228 

sili<’ale, eth-et of, on inversion t»f 
silica, i. 228 
manufael lire of, ii. 184 
tungstale, efh'et of, on inversion 
of silica, i. 228 

Sofli'ning stage of silica, i. 201 
Soil 

addition of sand to, ii. 174 
acral ion of, ii. J 7(t 
alumina in, ii. 107 
apparent density of. ii. 172 
calcium carbonali' in, ii. lt)7 
<’hemi<ail eomjiosition of san<] in, 

ii. ItH) 

den.sity of, ii. 170 
heavy, ii. 170 
iron compounds in. ii. 167 
light, ii. 170 

nature of. i. 166; ii. 162 
{X’irmenbijity of,*11. 109 
ptirosify of, ii. 176 
jirojKM'ties of, ii 169 



274 


INDEX 


Soil —continued ‘ 

proportion of sand in, ii. Ifi3 
shape of particles in, iu 163 
silica in, li. 167 
size of particles in, ii. 163 
specific pravity of, ii. 173 
texture of, ii. I6f) 
warping, with sand, ii. 174 
waUT retention of, ii. 170 
use of, in brick-making, ii. .6 
Soluble calcium compounds, effect of, 
on sands, etc., i. 103 
salts. See Salts, soluble 
Solvent action of silicates on silica, 
i. 226 

of water on rocks, i. 16 
Solway basin, Keupor beds in, i. 63 
estuary, warp in, i. 33 
Somerset - 
adolie in, i. 70 
alluvium in. i. SO 
Greensand in, i. 62 
Lias in, i. .66 

Midford sands in, i. .60, 60 
Old Red Sandstone in, i. 41 
Khaetic l>eds in, i. .62 
Upper Coal Measures in, i. .61 
Sopwith, T., i. 423 
Sorby, K. C., ii. 31 
801*61 stoiu?, ii. 20 
Sosman. R. R., 1. 103 
Sources of power, i. 276 

of sands for abrasive purfiosi's, ii. 

222 

for lirick-making, ii. 3, 4, 6, 7 
for cements and mortars, ii. 48 
for chemical industry, il. 185 
for concrete, ii. 23 
for explosives, ii. 227 
for filters, ii. 18l 
for fumaecs, ii. 137 
for glass-making, ii. 104 
for liglit bricks, ii. 20 
for liinc-sand bricks, ii. 10 
for moulding, ii. Ill 
for plaster, ii. .61 
for porous briifks, ii. 20 
for pottery, ii. 100 
for silica bricks, ii. 14.6 
South America, gem sands in, i. 113 
rnonazite san<ls in, i. 128 
South Cave sand, i. 68, 183 
red, ii. 90, 01 
texture of, ii. 107, 109 
use of, for glass-making, i. 116; 
ii. 194, 105 

for moulding sands, i. 131 ; ii. 

111,112 

yellow, ii. 90, 91 .i j 
South Shields, Permian l)ods at, i. 51 
South Shore, sand dunes at, i. 28 


South Wales, silica rocks cf, ii. 146 
Southampton— 

T^i^gsiiot bedgg at, i. 1^1 
Barton sands at, i...72, 82 
moulding sands, i. 131 ; ii. 112 
size of grains in, ii. 108 
Soiithampfon Water, sand dunes in, 
i. 2.6 

Southport, sand dunes at, i. 2.6, 28 
Spain, brown iron-ore in, i. 189 
ust> of t osca in, i. J6.6 
Spalhng in lime-sand bricks, causes 
• of, ii. 19 

Spar in plaster, ii. 57 
Specific gravities of heavy liquids, i. 
2.67 

Specific gravity of sands, i. 220, 221 
determination of, i. 2.60 
for concreb^, ii. 39 
of silica, effe(^t of repeated heating 
on, i. 227 
bricks, ii. 149 
of soil, ii. 173 

Spc(;ilic lieat of kicst“lguhr, i. 99 
Specificalions of moulding sands, ii. 
109 

of sand for brick roads, ii. 64 
for concrete roads, ii. 64 
for glass manufacture, ii. 201 
Spccton, Ncocomlan deposits at, i. 
60 

Spennymoor, silica rocks near, i. 48 
Sjjoasartito, i. 111 

Spey river samls, felspar in, i. 185 
shape of grains in, i. 220 
Sphene, i. 196. 209 

action of acid on, i. 204 
Spilsby, Orcensund at, i. 6.6 
sandstone, calcite in, i. 148 
Spinel, i. 115, 194, 208, 209, 224, 231 
action of acid on, i. 204 
vSpital--• 

furnace sand at, ii. 137 
glass sands at, i. 110 ; ii. 195 
moulding sands at, i. 131 
sandstone, i. 123 
Spitzkasten classifier, i. 398 
vSpitzlutto classifier, i. 398 
Sponge spicules in sands, i. 178 
Springs, tvclion of, on sands, i. 11 
Sprocket chain conveyors, i. 337 
Staffordshire— ^ 

gloss sands in, i- 116 ; ii. 194 
moulding sondr^n, i. 131 ; ii. 104 
pocket sands in, i.,42, 43, 134, 136, 
146, 168 

quartzites in, i. 141 
sandstones [n, i. 50, 51, 52, 63, 54, 
f ' .65 , 

Stamps, i. 364 ^ 

Standard grading of sand, I. ^iJO 
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Standard sAnd, i. 162 • 

use of, in testing cements, ii. 52 
in t^8ting*concret§, ii. 28* 3^ 41 
in testing n^^rtars, ii. 52 
Standard sieves, i. 246 
StAnhope, bastard gaiiistor at. i. 48. 
109 

Star grass, use of, for binding sand 
dimes, i. 25 

Start Bay, sand liars in, i. 30 
Staurolite, i. 20. 182. 208, 209, 224 
action of acid on, i. 204 * 

Staam navvies, i. 280, 283 
saving offocteii by, i. 287 
Stool as an abrosivMs ii. 210 
Stool casting, compos fur, ii. 122 

properties of sand for, ii. H6, HI 
sources of sand for, ii. 112, 113 
lAinvorters, sands for. Nc'r Knrnat'o 
linings 

melting furnoeos, construction of, 
ii. 132 

smelting furnaces, sands for. ii. j 38 
Stein, (1., i. 193 

Stephens - Adamson Maiuifacturing 
Co., i. 456. 459 
Stephenson, 1)., i. 12 
• Steppes of Russia, ii. 164 

Sterling Kmory Wheel Manufacturing 
Co., Ii. 219 

Stevenston, silica rocks at, i. 45 
Sticking of bricks in moulds, proven* 
tiori of, ii. 1 

Stiporstonos quartzite, i. 41, lUi, 

141 

Stirling, silica rocks at, i. 45, 48, 131. 
150, 151 

Stockport, Permian beds at, i. 51 
tetoeloibridge, ganister at, i. 4Jl 
Stoko-on-Tront, sandstones at, i. 152 
Stokes’ l>aw, i. 2.59 
Intone, artificial, sand.s for, ii. 19 
crushed, use of, for concrete, ii. 24 
Empire, ii. 20 
Ford’s, ii. 20 
JmperiAl, ii. 20 
indurated, ii. 20 
Portland, ii. 24 
Borel, ii. 20 
Victoria, ii. 20 
Stonit Greensand at, i. 65 
Stone-breakers, i. 347 
Stonehaven, Old Red Sandstone at, 
i. 41 • 

Stones, definitio]^ of, i. 2, 211 
Stonesfleld, quartz-mica schist at, i. 

40,156 • A 

Storage bins for stmd, i. 4o8, 469, 472 
of sand, i. 469 0 

in open piles,^, 469 
S^rrina^if, Greensand at, i. 63 
VOL. II 


Stourbriage— 

Bunter beds at, i. 54, 55 
mouldin^sand at, i. 55, 131 
chemidil analysis of, ii. 90 
mi^oralogical composition of, ii. 
91 

8 urfai*e factor of, i. 213 
texture of, ii. 108 

Stoiirport, Bunter lieds at, i. 54. 55 
moulding sands at, i. 131 
Stourton, Kcujior samistone at . i. 27 
Stove for drying sand, i. 412 
Strochan & Henshaw, Ltd., i. 327 
Strata, effect of, on cost of quarrying, 
i. 273 

Strcains, action of, on rocks, i. 12 
size of grains carriiMl by, i. 12 
Strength of mouhling sands, ii. 10] 
of sands, effect of water on, i. 267 
testing, i. 265 

Strickland, Old Hod Sandstone at, I. 
41 

Stripping overburden, i. 278 
Stromboli, volcanic sands from, i. 30 
StroiitianiO', i. 208 
St rontium compounds in sands, i. 195 
Stucco, ii. 55 

StuHevani Enginwiring Co.. Ltd., i. 

349, 352. 374, 375, 4.30, 449 
Subsoil, i. 160 
sands, i. 163 

Sialbury. Eocene beds at, i. <17 
Suffolk— 

alluvium in, i. 80 
brick-making sands in, ii. 26 
Eocene beds in, i. 66, 67, 68 
glacial drift in, i. 75 
glacial drift, minerals in, i. 180, 188, 
194, 196 

glaiual sands in, i. 7<1, 115 
glass sands in, i. <18 
Hod Crag in, i. 73 
sand dunes in, i. 2<1 
soils, i. 1<)1 
W'liite bricks, ii. 2 

Sugar as bond in moulding simds, ii. 
117 

Sulphides— 

action of acid on, i. 205 
oxidation of, i. 17 
weathering of, i. 10 
Sulphur sand, i. 168 
Sulphuric acid, action of, on sands, i. 
205 

Superfine sand, definition of, i. 211 
Surface factors of moulding sands, i. 
213 

*of sands, i. 211 
Surrey— » • 

Bhgshot beds in, i. 71, 72 ; ii. 10 
Barton sands in, i. 82 ^ 
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Surrey— conlin'ued 

brick-makiug sondB in, ii. 3, 10 
Eocene beds in, i. 66 , 17 
furnace sands in, ii. 137 
glass sands in, i. 116 i 
(Iroonsand in, i. 62, 63, 118 ; ii. 65, 
137 

road sands in, ii. 65, 67 
Weaiden sands in, i. 60 
Susceptibility, magnetic, of niinorala, 
i. 428 

Suspension in water, purification of 
sands by, i. 385 
Sussex— 

alluvium in, i. 80 
brick-making sands in, ii. 3, 10 
glass sands in, i. 116 
(Jreonsands in, i. 62, 63, 118 
Hastings sand in, i. 121 ; ii. 16.5 
Reading beds in, i. 60 
soils, ii. 165 
Woaldon beds in, i. 60 
Sutcliffo, Speakman ik, Co., Ltd., i. 355 
Sutton (Dublin) 

blown sands at, i. 83 
gloss sands at, ii. 195 
shore sands at, i. 77, 167 
Sutton Junction, Bunt-cr sands at, i. 
55 

moulding sands at, i. 55, 131 ; ii. 
112 

Swallow holes in liinestoiH', i. 134 
Swaiiago, Purbeck beds at, i. 57 
Wealdon bo<ls at, i. 60 
Swansea, saml bai*a near, i. 30 
silica rocks near, i. 47 
Swansea shore sand, u.se of, for fur- 
iiactos, i. 77 ; ii. 137,139 
Swaziland, t in-bearing .souds in, i. 164 
Swindon, Purbeck beds at, i. 57 
Switzerland, deltas in, i. 31 
Syenite, i. 3, 4 
•porphyry, i. 5 

Tables, percussion, i. 417 
Tachylite, i. 3, 6 

Tadmorton, Estuarine sands at, i. 59, 

103 

Togilak, platinum placers at, i. 133 
Tailings, testing, i. 451 
Tair Cam, rottenstone at, i. 45 
Tamman, i. 9 
Tantaiite, i. 195, 224 
Tantalum compounds in sands, i. 196 
Taplow, Eocene beds at, i. 66 
Tar ^tnd as filler for roads, ii. 70 
sands, i. 82 
Tarrass, i. 165 

Tasmania, platinui'n placers in, i. 133 < 
tin-bearing sands in, i. 164 
Ta^iton, Khaetic bods at, i. 52 


Tturus geyserito, effect di heat on, i. 
227 

Tavistock, MiVstone Orit at,' i. 46 
oilstone near, i. 132 
Tawe V'^alloy, rottenstone in, i. 44 
Taylor, F. W., i. 247, 263, 441 
Taylor and Thom^ison, ii. 24, 36 
Tchomozem soil, i. 161 
Tees, Keuper hods near, i. 53 
Lias near, i. 56 
Telpher lines, i. 327 
siijpport, i. 328 

track, i. 326 • 

Tolsraith washer, i. 391 
Teinperaturo— 

action of, on rocks, i. 10 
changes, effect of, on sand, ii. 150 
effect of, on inversion of silica, i. 228 
of cal<‘inalion of sands, i. 439 
of fusion of silica, i. 230 
of reaction of limc-silica mixtures, 
i. 192 

'JVmplecombe, Lower Oolite beds at, 

i. 58, 59 

I’ompleton, silica rocks at, i. 47 
Tonorifie— 

pozzuolana at, i. 136 
pumice sand at, i. 137 
tosca at, i. 165 

Tensile strength of sand, dcitermina- 
t ion of, i. 26t» 

'L'crrac<‘s, i. 29 
'rerrcstrial saiuls. i. 163 
'I’cft inry deposits, formati«n» of, i. 21 
sands, i. 6r> 

Testing abrasives, ii. 214 

materials for insulating purposes, 

ii. 21 ^ 

for light bricks, ii. 21 • 

for porous brick.s, ii. 21 

moulding sands, ii. 128 
sands, i. 235 ♦ 

for abrasive jiurposos, ii. 225 
for agriculture, ii. 175 
for brick-making, ii. 9 
for cements, ii. 63 * 

for chemical purposes, ii. 188 i 
for concrete, ii. 40 , 

for explosives, ii. 227 
for filters, ii. 182 
for fire-bricks, ii. 161 
for furnaces, ii. 143 ^ 

for glass manufacture, ii. 2.04 
for lime-saiM bricks, ii. 18 
for mortars, ii. ^53 
for plaster, ii. 59 
for pottery manufacture, ii. 190 
for refractory purposes, ii. 160 
' for road^, ii. 72 

for silica bricks, ii. 149 
Tetin, i. 136 
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Texture of Canister, i. 107 • 

of seaida^ i. 81, 83, 210. See also 
Sfze of i^rains • * ^ 

of Hoil, ii. 100 ^ 

Thames muds, i. 103 
Thames river sand, i. 78, 104 
use of, for brick-making, ii. 0 
volume weight of, i. 222 
Thames Valley, alluvium in, i. 80 
Thanot beds, i. ()(i, 67 
sands, i. 00, 67, 131, 163 
minerals in, i. 175, 180, 181,®182, 

. 186, 188, 189, 199, 201, 217 

use of, for glass-making, ii. 194 
for moulding, i. 13J ; ii. 118 
Thanet soils, ii. 104, 105 
Thermal conductivity of kieselgnhr, i. 

98 

Thlhik, Lins at, i. 5(> 

Thompson, S. K., i. 203 ; ii. 27, 39 
Thorianite, i. 197 
Thorite, i. 197 

Thorium compounds in sands, i. 197 
Thorne, Jiunter beds nt, i. 53 
Thornton, J'ermian beds at, i. 51 
Thoulet solution, i. 258 
Thrapston, Lower Oolite at, i. 58 
Tides, effect of, on rocks, i. 9 
Tilbury Docks, alluvium at, i. 89 
Tiles, sources of sand for, i. til, 144 
use of sand for, ii. 189 
Till, i. 104 

Tilting furnaces, sands for, ii. 130 
Tin compounds in sands, i. 198 
ore, i. 133 

placers, treatment of. i. 419 
I’innhely, vein <juart7. at, i. 39 

use of, for glass-making, ii. 195 
frin-boaring sands aTul gravels, i. 29, 

164 

hydraulieking, i. 292 
4'ip, selecting, i. 281 
Tip-cart, i. 310 

Tipperary Co., Ordovician rocks in, i. 

40 

Tiree, shote sands at, i. 157 
Ttimiiferous magnetite, i. 224 
TitaJtito, i. 196, 208, 209, 224, 231 
Titanium-boaring sands, i. 104 
conmounds in sands, i. 190 
oxtao-alumina mixtures, fusibility 
of, i. 197 

fleet of, on inversion of silica, i. 
228 ^ 

•silica mixtuGos, fusibility of,i. 197 
Titano-ferrite, i. 224 
Tiverton, Permian beds a^ i. 52 
Todmoixlen, wind-blown rocks at, i. 10 
Tongham, Reading bedsit, i. 09 ^ !• 
Tooth powder, use'^f kieselguhr for, i. 

* 1^* ! 


Topaz, i. 115, JSZ. 208, 209, 221 
action of acid on, i. 204 
Topazolite, a. 112 
'I’opoka mi^iture for roads, li. 08 
Torquajf, Permian beds at, i. 52 
Torres, felsjjar in river sand at, i. 184 
Torrington, Hagshet beds at, i. 72 
'rosea, i. 130, 165 
'fossing, concentration l»y, i. 4Hi 
'.rotley, ganialcr at, i. 49 
'I’oughiie.ss of abrnsivt's, ii. 2J0 
of sand, i. 225 

'rounnuliue, i. 20, 81, 115, 187, 298, 
209, 224. 231 
action of ncijl on. i. 294 
-breccia, i. 34 
granite, i. 4 
Tower dryers, i. 498 
'Pozlng, t*(»nccntration by, i. 4!ti 
'rrachytos, i. 3, 0 
Traction, i. 349 

'rram-cars, ust^ of sand oji. ii. 229 
'IVamways, i. 31(i 
points for, i. 310 
rails for, i. 317 
tuni-tabies for, i. 310 
'IVan-spamicy of sands, i. 297 
Transport ami haulag(*, i. 399 
Tninsportation, <^ff(ict «jf, on sands, i. 
219 

'I’ransporlcd sands, i. 157, 163 
soils, i. 100 

'^rransvaai, gold jdacors in, j. 117 
tin-bearing samls in, i. 1<)4 
IVansverse conveyor, i. 471 

strength of siinds, dcterniination 
of, i. 20t{ 

Trap-rocks, i. 4, 5 
'Prass. i. 0, 130, 165 
mortars, ii. 44 

use of, in cements and mortars, ii. 
49 

in (roncrote, ii. 25 
Travancore -- 

garnet in beach sands of. i. 112 
inonazite sands at, i. 29, 128 
tin-hearing samls at, i. 104 
zin^on sands at, i. 108 
IVaylor Engineering Co., i. 451, 452 
3’reaclo as bond in moulding sands, 
ii. 117 

'I’remolite, i. 180, 209, 224 
'Prent river, Himior beds round, i. 54 
Trent sand, i. 105 
Trevor, bastard ganister at, i. 109 
silica rocks at, i. 46, 47, 152 
Triossic sands, i. 52, 165 
^uae of, for brick-making, ii. 0 
for glasv-makiag, ii. 194 
ffor moulding, ii. Ill 
gashing, i. 385 
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Triassic sandstonos (ifnaetic)* i. 154 
soils, i. 162 

Trichites in sands, i. 170 r 
Tridymito, i. 176,177, 20^ 
formation of, i. 226 , 

identification of, i. 177 
melting-point of, i. 230 
volume of, i. 233 
Tridyrnito bricks, ii. 143 
Trinidad, asphaltic sands in, i. 81 
Tripoli, i. 147, 165, 178 
as an abrasive, ii. 200 
Trough washer, i. 385 
Trowbridge, Hastings beds at, i. 61 
True ganister, i. 105 
Tscheuschner, i. 434 
Tube mills, i. 360 

for wot grinding, i. 381 
Tuba for rails, i. 317 
Tufa, i. 166 

Tuffs, i. 5, 6, 36, 165, 166 
Tulackoff, i. 161 

Tunbridge Wells sand, i. (»1, 121 
use of, for gUiss-making, ii. 194, 
105 

Tundra soils, i. 161 
Tungsten compouiuls in sands, i. 198 
placers, treatment of, i. 419 
Tungsten-bearing sands, i. 29, 166 
I'urgite, i. 10 
Turn-tables, i. 316 
Turvillc, Koceno beds at., i, 66 
TuUle Hill quartziUs i. 40 
Twreh Valley, rottenstone in, i. 45 
Tycherley, Eocene bods at, i. 60 
Tyler, W. S., & Co., i. 450 
Tynemouth, Permian beds at, i. 51 
Tyrone Co., moulding sands in, i. 
131 

silica rocks in, i. 42, 151 

Uddon, J. A., i. 22 
Uig, Kellawaya beds at, i. 58 
Ultrmnarine, ii. 184 
use of sand in, i. 158 ; ii. 229 
Umber, i. 180 
United States— 
goyserite in, i. 175 
kieselguhr in, i. 06 
platinum placers iu, i. 133 
Up-draught kilns, i. 436 
Uplawmuir, Caldwell sand at, i. 45 
Upnor, Woolwich bods at, i. 68 
Upper Coal Measure sands, i. 51 
Upper Estuarine sands as moulding 
sands, ii. 112 

Upper (Ireensand soil, i. 161 ' 

Ural Mountains, garnet in, i. 112 ' ' 

platinum placers in, i. 133 < 

Uspd moulding sands, ii. 06 
Uaei of sand, miaceUaneous, ii. 228 


Uiy^s of sands— 
m abrasives, ii. 206 
19 agriculture, ii. 162 
in artificial stone, ii. lo 
in brick-making, h. I 
in cements, il. 42, 154 
in chemical industry, ii. 183 
in concrete, ii. 22 
in enamels, ii. 130 
in explosives, ii. 226 
in filUnx, ii. 176 
irf’fire-bricks, ii. 143 
in furnaces, ii. 132 
in glass-making, ii. 102 
in insulating bricks, ii. 20 
in light brick.s, ii. 20 
in lime-sand bricks, ii. 9 
in metal mixtures, ii. 129 
in metallurgy, ii. 129 
in mortars, ii. 42 
in plasters, ii. 55 
in porous bricks, ii. 20 
in refining metals, ii. 129 
in refractory cements, ii. 154 
mat(^^ial8, ii. 132 
in road construction, ii. 60 
in silica bricks, ii. 143 
in smeltiiig metals, ii. 129 
in welding, ii. 130 
Usaher, i. 8 

Utah, mona/.ito san<l in i. 128 
pumice sand in, i. 137 
Uxbridge, Eocene beds at, i. 66 

Vacuum filters, i. 406 
Vale of Neath, silica rocks in, i. 47, 
48, 100 

Vale of Taunton, Keupor beds in, i. 53 
Vale of Tawe, silica rociks in, i. 47 f 
Vale of Wadour, Purbock bods in, i. 
57 

Wealden IkjcIs in, i. 60 , 

Valuation of sand deposits, i. 271 
Vanners, i. 410 

Vapours, effect of, on inveision of 
silica, i. 228 ' 

Variolito, i. 6 , 

Vegetable matter in sands.' *Vce 
Carbonaceous matter and Or¬ 
ganic matter 

Vein-quart/., i. 30, 138 f 

Venting moulding sands, ii. 105 
Ventnor, Greensand at, i. 63 
Vernadsky, i. J df. 

“ Vomis du d<§sert,’J h 84 
Very coarse sand, ‘definition of, i. 
211 ^ 

Vesuvius, volcanic sand from, i. 36 
Vicona screqQ, i. 453; ii. 159 
Victoria stone, ii. *a0 
Virginia, garnet in, i. 111^ 
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Viscosity amti inversion of silica, i. J28 
of sands, i. 225 
determination of,^. 257 • 

Vitreous minerals in sands, i. 17(f 

Vibriflahlo sandti^ i. IKO 

Vivarais Mountains, pozKUolana in, i. 

m 

Vivianito, i. 189 
Vogt, i. 8 

Voids, absolute, determination of, i. 
265 

air, determination of, i. 265 • 

^n sand, determination of, i. 2(il 
effect of, on concrete, ii. 56 
for linie>sand bricks, ii. 16 
Volcani(5 mu<l8, i. 35 
rocks, i. 2, 6 
sands, i. 56, 167 

Volumo changes in sands on heating, 
i. 255 

weight of sand, i. 221 
for concrete, ii. 59 
ileterniination of, i. 2,59 
Von Lasaulx, i. 177 

Wacko, i. 5 
Wad. i. H}7 
Wadhnrst clay, i. 61 
Woon, sandstones at> i. 44, 149 
Wagons for endless haulage, i. 515 
for rails, i. 517 
size of, i. 510 
Wales — 

abrasive sands in, ii. 222 
alluvium in, i. 80 
bastard ganister in, i. 107 
furnace sands in, ii. 517 
(ilacial drift in, i. 75 
gohi in, i. 117 
oilstone in, i. 152 

pocket sands in, i. 134, 135, 146, 
168 

quartzites in, i. 59, 141, 142, 143 
rottenstono in, i. 44 
sanul*^unos in, i. 26 
sandstones in, i. 40, 44, 46, 149, 
187 ; ii. 146, 222 
tft.p rocks in, i. 5 

Wall plastering, sand for, i. 51, 154 
Wallace. R. C., i. 195 
Wal)#)n-on*the-Hill, Reading bods at, 
i. 69 

%'hanet sands at, i. 67 
Walton-on-tho-Nazfi^lod Crag at, i. 

Wardlow Mires, rottenstone at, i. 44 
Ware, Thanet sfnds at, L 67 
Wareham, Eoceno beds ef-, i. 70 
Wargrove, Eocene bedi^t, i. 66 ^ r 
Warmden ganisU^i. 50, IW 
\Yarp,^3<l|107 


Warping soil, it. 174 
Warren Farm, Heading beds at, i. 69 
Thanet t^ds at, i. 67 
Warrenite pavement, ii. 68 
Warrington, Hunter l>eds at, i. 54 
Warafurd, Estuarine sands at, i. 59 
Warwickshire— 

brick-making sands in. ii. 6 
(flacial drift in, i. 75, 76 
Lias in, i. 56 
moulding shikIs in, i. 151 
quartzites in, i. 40, 141 
Wash, alluvium in, i. HO 

(iroonsands round, i. 64, 120 
Wiishing by suspension, i. 585 
Washing |)an, i. 256 
sands, i. 585 

for abrasives, ii. 225 
for (reinents, ii. 55 
for chemical purposes, ii. 187 
for concrete, ii. 40 
for fillers, ii. 182 
for glass-making, ii. 205 
for lime-sand bricks, ii. 17 
for mortal’s, li. 55 
for plasters, ii. 59 
for pottery manuhvcturo, ii. 190 
for refnuitory purjioKes, ii. 158 
for roads, ii. 72 
Washing with screens, i. 599 
Washington, motiazito sand in, i. 128 
Wash-mill, i. 588 
Water- 

action of, on rocks, j. 11, 17 
on silicates, i. 12 

addition of, to moulding sands, ii. 
125 

drainage of, from sands and soils, 
ii. 172 

effect of, on strength of sands, i. 267 
in sands, ii. 100. »S«c Moisture 
rate of (low in streams of, i. 12 
nunoval of, from sands, i. 401 
rofontioii of, by soil, ii. 170 
softening, use of sand in, ii. 250 
solvent action of, i. 15, 16 
Water carriage, i. 542 

filtration through sand, ii. 177 
•glass, ii. 184 

Waterstones, Keuper, i. 196 
Watford Heath, London I5ay at, i. 70 
Watford, Reading beds at, i. 68 
Wave-power gejicrator, i. 502 
Weakness in lime-sand bricks, causes 
of, ii. 19 

Wcaldcn beds, i. 60 
iron sands, i. 181 
$ sands, i. 60, 168 

minerals in, i* 180, IHl, 196 
s6Us, i. 162; ii. 168 
Weardalo, sandstones in, i. 44, ] 
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v^oarhead, sandstonos^at, i. 149 
Woatheriil Quarry, silica rocks at, i. 

48 # 

Weathering, i. 7, 9, 19 , 

effect of, on sand, i. 206 ^ 

rate of, i. 15 

Weigher, autoniatic, i. ^26 
Weight of sand per cubic foot, i. 222 
Welding, sand for, ii. 120 
Wollingboroiigh, Kstuarino beds at, i. 

:u 

Wolsbach mantles, use of thoria in, i. 
130 

Welsh coast. Lias on, i. 57 
rotUmstone, i. 147 
Wem, Lias near, i. 57 
Wonsloy, bastard gaiiistor at, i. 107 
silica roetks at, i. 44, 148 
Wernicke, i. 143 

West Hroinwich, Permian beds at, i. 

52 

West Rulsliohl Quarries, silica rocks 
at, i. 48 

West Hartlepool, Runter beds a(., i. 

53 

Westerham, (Iroensand at, i. 62, 63, 

118 

Wcstgalo, silica rocks at, i. 44 
Westmorland — 

Bunlx^r beds in, i. 53 
granite, i. 3, 4 
Old Ked Sandstone in, i. 41 
Wet grinding, i. 380 

sand, volume-weight of, i. 222 
stamps, i. 380 

Wctherill magnotic separator, i. 430 
Wexford, maniu’e gravels in, i. 76 
Weybourne- - 

Corallian Hag at, i. 58 
Heading beds at, i. 69 
Hed Crag at, i. 73 

Woybridgo, Btigsliot bods at, i. 70, 71 
furiuxce sands at, ii. 137 
Weymouth, Corallian Hag at, i. 58 
I’ortland beds at, i. 57 
Wheelbarrows, i. 309 
Whittihurch, Reading beds at, i. 60 
White cement, ii, 55 
White flint ” sandstone, i. 155 
White Rock, voin-quarU at, i. 39 
sands, i. 168 

Whilocliffo Hay, Headon Hill sands 
• at,'i. Tt 

Whitehea<l & Co., Ltd., i. 313, 356 
Whitoley Bridge, moulding sands at, 
i. 131 

silica rock at, n 55 
Whitmore, Hunter beds at, i. 54 < 

Whittaker & Co., Jjtd., v 375, 370, 
443, 464 

WliSdo Hill, oilstone at, i. 132 


Wi^klo.. 

granitic rocks in, i. 3 
sl^oreT sands i. 77 • 

use of, for glass-making, ii. 195 
vein-quartz in, i. 3u 
Wilfley table, i. 418, 419 
Wilson, Cams, i. 24 
Wiltshire— 

Creensand in, i. 62, 63 
Kellaways beds in, i. 58 
I’urbock beds in, i. 57 
Wt^Ulen bods in, i. 60 
Wimbledon, Heading l>eds at, i. 7L 
Wincanton, Oolite beds at, i. 58, 59 
Winchester, Heailing beds at,'i. 69 
Winchtield, Hagshot beds at, i. 70, 71 
Wind - 

carrying power of, i. 22 
effect of, on rocks, i. 9 
on san<l dunes, i. 25 
grading action of, i. 22, 24 
Wind-blown sands, i. 22, 82 
Window glass, sand for, ii. 194 
Winiisor— 

Hagshot beds at, i. 71, 93 
Hoceno beds at, i. 66 
fire-bricks, i. 93 
Wingot Ltd., i. 309 
Winsler, pocket smids at, i. 43 
Winterbourne, Eocene beds at, i. 
66 

Wisbech, soil at, i. 164 
Withernsca, Glacial drift at, i. 75 
Woburn, i. 64 ; ii. 165 
glass sand at, ii. 165 
Greensand at, i. 64 
Woking, Hagsliot ImmIs at, i. 70, 71 
Wokingham, Hagshot beds at, i. 70, 
71 ■ 

Wolfram deposits, i. 168 
Wolframite, i. 198, 209, 224 
Wollastonito, i. 179 
Wolaingham— 

liastard ganister at, i, 109 
moulding sand at, i. 131 
silica rocks at, i. 50 ’ 

Wolverhampton, Hunter sands at, 
54, 55 ‘ 

moulding stmds, i, 131 

cimmical analysis of, ii. 90 
mineralogical composition ff, ii- 

c 

texture of, ii. 108 
Permian beds lilt, i. 52 
Womboume, Biuiter^sands at, i. 55 
moulding sands at, i. 131 
Woodbridgu. Eocene,bods at, i. 67 
Woodcock, T., ii. 155 
' - Wwodcoto, Reading bods at, i. 69 
Woodworking, u^»of " 

230 
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Thamcs sand at, i. 104 
chdknical ^nalyaisguf, iL 90 # 
mineralogio^l composition of, ii. 

Woolwich Iwds, i. 00, 67 
Woolwich sands, i. 07, 168 
minerals in, i. 181, 204 
use of, ill brick-making, ii. 0 
in moulding, ii. 112 
Worcestershire - 
Bimtor bcula in, i. 55 
#iioulding sands in, i. Kll 
quartzik'K in, i. 40 

Working deposits of loose sand, 1. 
281 

Workington, ganister at, i. 101) 
(ilocial sands at, i. 76 
WBrksop, Bunter beds at, i. 55 
sands at, i. 55, 85, 86 
furnace sands at, ii. 137 
gloss sands at, i. 116; ii. 199 
moulding sands, i. 55, 131 ; ii. 80, 
112, 121 

chemical conipo.sition of, ii. 90 
coarse, texture of, ii. 108 
fine, texture of, ii. 108 
mineralogical composition of, ii. 
91 

pot sands, textum of, ii. 107 
Worthing, Koeene beds at, i. 66 
Wreay, J’ormiaii bods at, i. 51 
Wrexham, silica rocks a( , i. 152 
Wye Valley, Old Ut'd Samlstone in, 
i. 41 

Wyoming, inonazilo sand in, i. 128 
pumice sand in, i. 137 

IXenotino, i. 197, 208, 209. 224 

Yarmouth, Ilemlon Hill sands at, i. 72 
lifollow mouldmg sands, ii. Ill 
sands, i. 168 
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Yellowstone Park, siliceous slntor 
in, i. 159, 175 

Yeovil, Milord sand at, i. 59 
ininc);ills in, i. 217 
YnsysUs, vein-quartz at, i. 39 
Yor^ale rooks, i. 42 
Yorkshire 
alluvium in, i. 80 
bastard ganister in, i. 110 
brick-making sand.s in, ii, 6 
Kstuurine .sands in, i. 59 
ganister in, i. 49, 105. 107 
(ilacial drift in, i. 75 
sands in, ii. Ill 
glass samls in. i. 116 ; ii. 194 
Kellaways sands in, i. 123 ; ii. 112 
Milistone (Srit in, i. 46 
minerals in, i. J86. 188, 189, 196, 
199 

mouldmg .sands in, i. 53, 55, 131 ; 
ii. Ill, 112, 113 

sandstones in, i. 46, 49, 51. 53, 55, 
57, 58, 59, 60, 148 ; ii. I4ti 
Youlgroave, ]>ocket sands at, i, 43 
Yttrium compounds in siuids, i. 197 

Zeolites, preparation of, ii. 184 
Zircon, i. 20, 29, 81, 115, 198, 208, 
209, 224, 231 
action of acid on, i. 204 
in granite, i. 4 

Zircon sands, use of, as rcfrai'tory 
nmterial, ii. 138. 151, 1.53. 157 
Zirconia bricks, samls for, ii. 151 
pow’ilercd. u.so of, as refra('f«»ry 
material, ii. 157 
-(piartz glass, ii. 102 
sand, u.so of, as refractory niatcriiil, 
ii. 138, 151 

Zirconium-boaring winds, i. 168 
coiripoumls in sands, 198 
jfilicate, i. 198 
Zoisite, i. 188 











